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The contents of this little book are t% a great extent a 
transcript of the notes of my course of lectures on inorganic 
chemistry delivered at the Royal College of Chemistry; 
these notes having been considerably amplified only irj 
the earlier chapters^ on nomenclature^ notation^ and the 
atomicity of elements. 

These notes were originally published in one volume, 
but at the request of numerous readers I have now divided 
them into two, of which the present, on inorganic chemistry, 
is the first. The second volume, on organic chemistry, 
is nearly ready for the press, and will shortly be published. 

To render the work as concise as possible, all formal 
description of the properties of the bodies treated of has 
been, for the most part, entirely omitted. Such a descrip- 
tion (which is moreover easily accessible elsewhere) would, 
even if brief, have swollen the book to more than double its 
present size. For the same reason I have been compelled 
to treat the metallic elements in a manner which will 
doubtless seem, to many, unworthy of their importance ; 
but their number is so great, that any attempt to give 
more than the names and formulae of their chief com- 
pounds would have extended the work far beyond its 
present limits. My aim has been to classify and syste- 
matize rather than to describe, and I have endeavoured to 
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IV PREFACE. 

furnisli the student with a kind of skeleton of the science, 
which, it is intended he should himself clothe with the 
already known and daily increasing facts of experimental 
research. To aid him in this, he has the choice of nu- 
merous standard treatises, amongst which may be men- 
tioned Watts^s ^Dictionary of Chemistry/ Gmelin^s ^ Hand- 
book of Chemistry/ Miller's ^ Elements of Chemistry/ 
' Gerhardt's ^Trj^e de Chimie Organique/ ^Traite de 
Chimie Generale' by Pelouze and Fremy, Kolbe's 
^Lehrbuch der organischen Chemie/ and Kekule^s 
^ Lehrbuch der organischen Chemie/ 

I have often noticed with regret the great amount of 
labour which an earnest student expends in noting down 
the reactions and the names and formulae of substances 
which are presented to his notice in the lecture-theatre. 
He is thus greatly interrupted in following the arguments 
and explanations of the speaker, and he often loses more 
, important generalizations in securing a record of details. 
One of my chief objects in the preparation of this book 
has been to relieve him from such distractions. For this 
purpose a very full list of names and formulae are given, 
and a comparatively large amount of space is devoted 
to equations expressing the reactions occurring in the for- 
mation and decomposition of the substances treated of. 

The graphic notation of Crum Brown which was adopted 
in the former edition to illustrate important constitutional 
formulae has been somewhat modified in the present, by the 
omission of the circles surrounding the symbols of elements. 
These circles appeared likely to render the formulae more in- 
telligible to beginners; in practice, however, I find that even 
young students prefer to draw the formulae without the 
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circles, hence there is no reason for retaining them. 
Moreover, in the mean time, this modified form of graphic 
notation has been adopted by a large proportion of those 
chemists who are engaged in the investigation of phe- 
nomena ; indeed snch constitutional formulaR have become 
almost a necessity to give precision to that hypothetical 
reasoning which ever stimulates to further research. It is 
therefore desirable that the stndent should use that form 
of graphic notation which is most extensively employed. 

Graphic notation affords most valuable aid to the 
teacher in rendering intelligible the constitution of chemical 
compounds, especially when it is supplemented by the 
glyptic formulae of Hofmann. The system of symbolic 
notation, which I have explained in Chapter III., is so 
framed as to express the same ideas, of the chemical 
functions of atoms, as the graphic and glyptic formulae, 
with which, therefore, it harmonizes completely ; whilst it 
enables the student, if he be so disposed, gradually to 
dispense with the last two forms of constitutional notation. 

Graphic and glyptic formulae are sometimes objected to, 
on the ground that students, even when specially warned 
against such an interpretation, will be liable to regard 
them as representations of the actual physical position of 
the atoms of compounds. In practice I have not found 
this evil to arise ; but even if it did occasionally occur, I 
should deprecate it less than ignorance of all notion of 
atomic constitution. 

In conclusion, I have much pleasure in thanking my 
assistant, Mr. Herbert M*^Leod, for his valuable help 
in the preparation of this second edition. Mr. M^^Leod 
has devoted much attention to the constitutional formulae 
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of minerals; and most of the symboUc and graphic ex- 
pressions for these compounds are from his pen. To my 
assistant^ Mr. W. Valentin^ I am also much indebted for 
aid in the revision of proofs. 

E. P. 



Boyal College of Chemistry, London, 
AprU 5, 1870. 
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CHAPTER I. 

INTEODUCTOBT. 

Dbfikition. — Chemistry is the science which treats of the 
composition of all kinds of matter, and of those changes in 
composition which result from the action, either of different 
kinds of matter upon each other, or of external forces upon 
one and the same kind of matter. 

Simple and Compouitd Matteb. — All kinds of matter are 
divided into two great classes, — simple substanceSy and com- 
patmd substances. A simple substance is one out of which it is 
impossible to obtain, by any known process, two or more essen- 
tially different kinds of matter. A compound substance, on the 
other hand, is one which can be resolved into two or more 
simple substances. The simple substances at present known 
are sixty-two in number, and are termed elements. By the 
combination of these elements with each other, all the infi- 
nitely varied forms of terrestrial matter are produced. 

Modes or Chemical Action. — Matter undergoes chemical 
change in five different ways, viz. : — 

Isfc. By the direct combination of elements or compounds 
with each other. 

2nd. By the displacement of one element or group of ele- 
ments in a body by another element or group of elements. 

3rd. By a mutual exchange of elements or groups of elements 
in two or more bodies. 

s 

4th. By the rearrangement of the elements or groups of 
elements already contained in a body. 

B 



Z ATOMS AND MOLECULES. 

5tli. By the resolution of a compound into its elements, or 
into two or more less complex compounds. 

Atomic Weight. — Chemists assign to every element a 
number called its atomic weight. This number is not fixed 
according to any invariable rule, but the following, especially 
the last two, are the chief considerations which serve as guides 
in its determination : — 

1st. The smallest proportion by weight in which the element 
enters into or is expelled from a chemical compound, — the 
smallest weight of hydrogen so entering or leaving a chemical 
compound being taken as unity. 

2ild. The weight of the element in the solid condition which, 
^t any given temperature, contains the same Amount of heat 
as seven parts by weight of solid lithium at the B&me tern'* 
perature. 

3rd. The weight of the element which, in the foirm of gas 
or vapour, occupies, under like conditions of temperature and 
pressure, the same volume as one part by Weight of hydrogen." 

The atomic weight of a compound is the sum of the atomic 
weights of its elements. 

The atomic weights of the elements are given in the Table 
at page 6. 

Atoms aitd Molecitleb. — The proportional amount of any 
element represented by its atomic weight, as above descHbed^ 
is commonly called an atom of that element. 

When an clement is isolated, or separated from every othec 
kind of matter, its atoms still exist, except in a few cases, in 
combination with each other* In many instances the atoms of 
isolated elements are associated in pairs when thus combined. 
Such an isolated atom or group of atoms constitutes an elemen- 
tary moleeule. 

The bulk of a molecule, or the molecular volume of an ele-- 
ment in the gaseous or vaporous condition, is the same as tiie 
molecular volume of hydrogen at the same temperature and 
pressure, and the molecular weiglit of an element is in a large 
number of cases twice its own atomic weight. 



M^OLECULAR VOLUME. 



The following is a list of those elements whose molecular 
volumes have been determined. 





Molecules 


containing of the element 




One atom. 
Monatomio 
MoleetUeg, 


Two atoms. 

Dif^omic 

MoleetUeg. 


Three atoms. 
Triatomic 
Molecules. 


Four atoms. 

Teiratomio 

Moleeulee. 


Six atoms. 
Mexatomic 
Moleeulee. 


Mercury. 

Cadmium'. 

Zinc. 


Hydrogen, 

Oxygen. 

Chlorine. 

Bromine. 

Iodine. 

Fluorine. 

Nitrogen. 

Sulphur. 

Selenium. 


Oxygen (afl 
Ozone). 


Phosphorus. 
Arsenic. 


Sulphur. 



It will be perceived from the above Table that an element 
may have two distinct molecular weights. This is known to 
be the case with oxygen and sulphur. 

The molecular weight of a compound is, with very few excepr 
tions, identical witb its atomic weight. The molecular volume 
or the space occupied by the combining proportion of a com- 
pound is, with very few exceptions, equal to that occupied 
by two combining proportions, or one molecule, of hydrogen. 
Hence the law — equal volumes of all gases and vapours contain, at 
the same temperatwre and pressure, em equal number of molecules. 

"With, very few exceptions, therefore, the molecules of all 
compounds in the gaseous or vaporous condition, no matter 
how great may be the aggregate volume of their constituents, 
occupy, when compared at the same temperature and pressure, 
one uniform volume, which is exactly the same as that filled 
by one molecule of hydrogen. Thus : 

vol. vol. vols. 

1 of Hydrogen +1 of Chlorine form 2 of Hydrochloric acid. 

1 of Hydrogen + 1 of Bromine vapour „ 2 of Hydrobromic acid. 

2 of Hydrogen + 1 of Sulphur vapour „ 2 of Sulphuretted Hydrogen. 

2of Hydrogen +1 of Oxygen ,, 2ofSteam. 

3 of Hydrogen +lof Nitrogen „ 2of Ammonio. 

4 of Hydrogen +« of Carbon vapour „ 2 of Marsh-^ts. 

6 ©f Hydrc^en + 1 of Oxygen + 2a? of Carbon vapour „ 2 of Alcohol vapour. 
12 of Hydrogen + 1 of Oxygen +6* of Carbon vap our „ 2 of AmyJic alcohol vapour. 

b2 



4 POSITIVE AND NEGATIVE ELEMENTS. 

Chemical 'Appinitt. — The force or power which holds to- 
gether the elements of a compound is termed chemical affimty. 

Elements which readily combine with each other, and develop 
much heat on combination^ are said to have a powerful affinity 
for each other. The elements which thus exhibit towards each 
other a great affinity are possessed of widely different properties ; , 
and when their compounds are decomposed by an electric cur- 
rent, the constituents are evolved at the opposite poles. 
Those elements which, under such circumstances, make their 
appearance at the positive pole are termed electro-negative or 
negative elements, whilst those disengaged at the negative pole 
are called electro-positive or positive elements. It must be re- 
membered, however, that the difference between these two 
classes is one of degree only ; they insensibly merge into each 
other, since the members of both classes exhibit a graduated 
intensity of the positive or negative quality. Thus potassium 
is more positive than sodium, and oxygen more negative than 
sulphur, whilst mercury is negative to sodium but positive to 
iodine. 

The following eight elements are negative towards the re- 
maining fifty-four elements, which are more or less positive : — 



Fluorine. 


Oxygen. 


Chlorine. 


Sulphur. 


Bromine. 


Selenium. 


Iodine. 


Tellurium. 



Although two positive or two negative elements can combine 
together chemically, yet their union is rarely attended with 
such striking phenomena as are manifested when the combi- 
nation takes place between a positive and a negative element. 



NAMES OF ELEMENTS. 



CHAPTER II. 



CHEMICAL NOMENCLATURE. 

The study of every science necessitates an acquaintance with 
the systfem of names and peculiar modes of expression which 
have been found most convenient to denote the materials and 
to describe the phenomena which form its objects. Such names 
and modes of expression form the groundwork of the language 
of every science, upon the right employment of which depend 
the precision and accuracy of scientific definition. 

The nomenclature of a science ought to be distinguished for 
its deamess and simplicity; but it is by no means easy to 
secure these conditions in a science like chemistry, where the 
rapid progress of discovery necessitates the continual addition 
of new and the frequent alteration of old names. The che- 
mical name of a substance should not only identify and indi- 
vidualize that substance, but it should also express the compo- 
sition and constitution of the body, if a compound, to which it 
is applied. The first of these conditions is readily attained ; 
but the second is much more difficult to secure, inasmuch as 
our ideas of the constitution of chemical compounds — the mode 
in which they are built up as it were — require frequent modi- 
fication. On this account all attempts to frame a perfectly 
consistent system of chemical nomenclature have hitherto been 
only partially successful. . ' 

It has been already mentioned that the number of elements 
at present known is sixty-two. These have received the names 
given in the following Table, in which the twenty-two most 
important elements are distinguished by the largest type, 
those next in importance by medium tppe, whilst the names of 
elements which are either of rare occurrence, or of which our 
knowledge is yet very imperfect, are printed in the smallest 
type. 
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CHEMICAL NOMENCLATURE. 



Name. 



ALUMINIUM 

Antimony 

Absiinio 

Babium 

Bismuth 

BOBON 

BROMINE 

Cadmium 

Csesium 

CALCIUM 

CARBON 

Cerium 

CHLORINE .. 
Chbomium . . 
Cobalt 

COPPER ..:. 

Didymium 

FLUORINE .. 

Glucinum 

Gold 

HYDROGEN .. 

Indium 

IODINE 

Ibtdtum 

IRON 

Lanthanum . . 

LEAD 

Lithium 

Magnesium .. 
MANGANESE 
MERCURT .. 



Sym- 
bol. 



Al 

Sb 

As 

Ba 

Bi 

B 

Br 

Cd 

Cs 

Ca 

C 

Ce 

6i 

Cr 

Co 

Cu 

D 

P 

a 

Au 

H 

In 

I 

Ir 

Fe 

L 

Pb 

Li 

Mg 

Mn 

Hg 



Atomio 
weight. 



27-5 
122 
76 

137 
208 

11 

80 
112 
133 

40 

12 

92 

35-5 

62-6 

58-8 

63-6 

96 

19 

14 
196-7 
1 

74 
127 
198 

66 

92 

207 

7 

24 

65 
200 



Name. 


Sym- 
bol. 


Atomic 
weight. 


Molybdenum . . . 


Mo 


92 


Nickel 


Ni 
Nb 


68-8 
97-6 


Niobium 


NITROGEN ... 


N 


14 


Osmium 


Os 



199 
16 


OXYGEN 


Palladium ... 


Pd 


106-5 


PHOSPHORUS 


P 


31 


Platinum 


Pt 


197-4 


POTASSIUM... 


K 


39 


Rhodium 


Eh 


104 


Rubidium 


Eb 


85-6 


Ruthenium . . . 


Eu 


104 


Selenium 


Se 


79 


SILICON 


Si 


28-6 


SILVER 


Ag 

Na 


108 
23 


SODIUM 


Stbontium ... 


Sr 


87-6 


SULPHUR 


S 


32 


Tantalum 


Ta 


137-6 


Tellurium 


Te 


128 


ThaUium 


Tl 


204 


Thorium 


Th 


231-5 


Tin 


Sn 
Ti 


118 
60 


Titanium 


TUNaSTEN 


W 


184 


TJbanium 


U 


120 


Vanadium 


V 


51-2 


Yttrium 


Y 

Zn 
Zr 


68 
65 
90 


ZINC 


Zirconium 



These elementary substances have been long divided into 
two great classes — metals and non-metalsy the latter being also 
sometimes termed metalloids. The metals are by far the more 
numerous, the non-metals comprising only the following thirteen 
elements : — Boron, Bromine, Carbon, Chlorine, Eluorine, Hy- 
drogen, Iodine, Nitrogen, Oxygen, Phosphorus, Selenium, 
Silicon, Sulphur. 
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The ixames of the elements can scarcely be said to have been 
given according to any rule ; many of them are derived from 
the most prominent property of the bodies themselves, whilst 
others have a mythological origin. An attempt has been 
made to distinguish the metals by the termination urn, as 
potassium, sodium, <fcc. ; but the common metals, such as gold, 
copper, iron, 4&c., still retain their original names; and one 
substance, selenium, which at the time of its discovery was 
regarded as a metal, has had no change made in its name, 
although further research has divested it of all metallic attri- 
butes. An important group of electro-negative non-metals — 
fluorine, chlorine, bromine, and iodine — have received the termi- 
nation ine ; three are distinguished by the terminal syllable on, 
viz. carbon, silicon, and boron ; and three others have ffen for 
their final syllable, viz. oxygen, hydrogen, and nitrogen, these 
last names being derived from Greek words denoting the pro- 
perty possessed by these elements of generating respectively 
acid, water, and nitre. 

When two elementary bodies unite together, they form a 
chemical compound of the first order, to which the name 
binary compound has been applied. The names of these com- 
pounds are formed irom those of their constituents, the name 
of the positive constituent or some abbreviation thereof, with 
the terminal ic, preceding that of the negative constituent, 
which is made to terminate in ide, thus :— - 

Potassium and Sulphur form Potassic sulphide. 
Sodium „ Oxygen „ Sodic oxide. 
Silver „ Chlorine „ Argentic chloride. 

Zinc „ Iodine „ Zincic iodide. 

Calcium „ Chlorine „ Calcic chloride. 

But the same elements frequently form with each other two " 
compounds, in which case the one which contains the smaller 
proportion of the negative element is distinguished by changing 
the terminal syllable of the name of its positive constituent 
into/nff, ^he terminal to being retained for the compound cont 
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taining the larger proportion of the negative element. Thus, 

One atom of tin and two atoms of chlorine form Stannous chloride. 
One atom of tin and four atoms of chlorine form Stannic chloride. 

Sometimes, however, the same elements fonn with each other 
more than two compounds. In these cases the prefixes hypo 
and per are employed as marks of distinction ; but their use is 
very rarely required. 

If a binary compound contains oxygen, and forms an acid 

when made to unite with water, or a salt when added to a base, 

it is termed an anhydride or anhydrous acid. Thus, 

One atom of carbon and two atoms of oxjgen form carbonic anhydride. 
Two atoms of nitrogen and five atoms of oxygen form nitric anhydride. 
Two atoms of nitrogen and three atoms of oxygen form nitrons anhydride. 
One atom of sulphur and three atoms of oxygen form sulphuric anhydride. 
One atom of sulphur and two atoms of oxygen form sulphurous anhydride. 

In the following coses, the systematic names have not dis- 
placed the trivial and irregular names used .for the same sub* 
stances ; — 

Systematic name. Trivial or irregular name. 

Hydric oxide Water. 

Hydric sulphide Sulphuretted hydrogen. 

Hydric selenide Seleniuretted hydrogen. 

Hydric telluride Telluretted hydrogen. 

Hydric chloride Hydrochloric acid. 

Hydric bromide Hy drobromic acid. 

Hydric iodide Hydriodic acid. 

Hydric fluoride Hydrofluoric acid. 

Hydric carbide | Marsh-gas or light carburetted 

^ \ hydrogen. 

Hydric nitride Ammonia. 

Hydric phosphide Phosphuretted hydrogen. 

Hydric arsenide Arsenuretted hydrogen. 

^ Hydric antimonide Antimonuretted hydrogen. 

The term add was originally applied only to substaucses pos- 
sessing a sour taste like vinegar ; but analogy has necessitated 
the application of the same name to a large number of com* 
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pounds which have not this property. In the modern accepta- 
tion of the name, an acid may be defined as a compound con- 
taining one or more atoms of hydrogen, which become displaced 
by a metal when the latter is presented to the compound in the 
form of a hydrate. The hydrogen capable of being so displaced 
may be conveniently termed displaceable hydrogen. An acid 
containing one such atom of hydrogen is said to be monobasic^ 
two such atoms dibasic, <&c. Acids of a greater basicity than 
unity are frequently termed polybasic acids. 

Thus nitric acid gives, with sodic hydrate, sodic nitrate : 
NO3H + ONaH = NOgNa + OH,. 

Nitric add. Sodio hydrate. Sodic nitrate. Water. 

Sulphuric acid gives, with potassic hydrate, potassic sulphate: 
80,H, + 20KH = SO,K, + 20H,: 

Sulphuric acid. Potassic hydrate. Potassic sulphate. Water. 

and hydrochloric acid gives, with potassic hydrate, potassic 

chloride : 

HCl + OKH = KCl + OH,. 

Hydrochloric Potassic Potassic Water, 

add. hydrate. chloride. 

When an acid contains oxygen, its name is generally formed 
by adding the terminal io either to the name of the element 
with which the oxygen is united, or to an abbreviation of that 
name ; thus sulphur forms, with oxygen, sulphuric acid; nitro- 
gen, nitric acid; and phosphorus, phosphoric acid. But it 
frequently happens that the same element forms two acids 
with oxygen ; and when this occurs, the acid containing the 
larger amount of oxygen receives the terminal syllable w?, 
whilst that containing less oxygen is made to end in ous. 
Thus we have sulphurous acid, nitrous acid, and phosphorous 
acid, each containing a smaller proportion of oxygen than that 
necessary to form respectively sulphuric, nitric, and phosphoric 
acids. 

in some instances, however, the same element forms more 
than two acids with oxygen, in which case the two Greek words 
hypoy under, and hyper, over, are prefixed to the name of the 
acid. Thus an acid of sulphur containing less oyxgen than 
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sulphurous Acid is termed hypoBulpHurous acid ; and another 
acid of the same element containing, in proportion to sulphur, 
more oxygen than sulphurous acid and less than sulphuric, 
might be named either bypersulphurous acid, or hyposulphiuriq 
acid ; but the latter term has been universally adopted. The 
prefix ^^r is frequently substituted for hyp^ ; thus in the case 
of chlorine^ which forms the following four acids with oxygen, 
viz. hypochlorous acid, chlorous acid, chloric acid, and hyper- 
chloric acid, the latter is generally named perchloric acid ; but 
per can only be used as a prefix to the acid containing the 
largest proportion of oxygen. 

Some acids do not contain oxygen amongst their constituents, 
but consist of sulphur or hydrogen united with other elements. 
This peculiarity of composition is expressed in their nomen- 
clature by the prefixes sulpho or aulph, and hydro or hydr : thus 
sulpharsenic acid and sulphostannic acid denote acids composed 
respectively of sulphur, hydrogen, and arsenic, and sulphur, hjrr 
drogen, and tin ; whilst the names hydrochloric acid and hydri- 
odic acid are given to acids composed, the first of hydrogen 
and chlorine, and the second of hydrogen and iodine. The 
terminals ous and ic are also applied to these acids in exactly 
the same manner as to the oxygen acids : thus we have sulph- 
arsenious and sulpharsenic acid, the latter containing a 
larger proportion of sulphur than the former ; but the appli- 
cation of the first of these terminals has not hitherto been 
found necessary in the case of hydrogen acid^, since no ele- 
paent has yet been observed to form more than one acid with 
hydrogen, . 

The term anhydride or (mhydfvus acid is applied to the residue 
obtained by the abstraction (in combination with oxygen a^ 
water) of all the displaceable hydrogen from one or two mole- 
cules of an oxygen acid. Thus, 



80,H, - 


OH, 


= S03: 


Sulphuio aoid. 


Water. 


Sulphorio anhydride. 


2N0,H - 


OH. 


= N,0, 


Nitric acid. 


WRter, 


Nitric anhfdrtdf!. 
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The term hose is applied to three classes of compounds, all of 
which are converted into salts by the action of acids. These are — 
Ist. Certain compounds of metals with oxygen, such as sodic 
oxide (Na^O), zincic oxide (ZnO), &c. 

2nd. Certain compounds of metals with the compound radical 
hydroxyl (HO), such as sodic hydrate ((NaHO)), zincic hy- 
drate (Zn(HO) J, Ac. 

3rd. Certain compounds of nitrogen, phosphorus, arsenic, 
and antimony, such as ammonia (NH3). 

There are also a few organic compounds to which the name 
base is sometimes given, but which are not included in thp 
above classes ; it is, however, unnecessary further to allude to 
them here. 

The bases of the first class are named in accordance with 
the rules already given for compounds of two elements. The 
following bases, however, stiU retain their irregular names :— 

Systematic names. Irregular names. 

Baric oxide Baryta. 

Strontic oxide Strontia. 

Calcic oxide Lime. ' 

Magnesic oxide Magnesia. 

Aluminic oxide Alumina. 

Glucinic oxide Glucina. 

Zirconic oxide Zirconia. 

The names of the bases belonging to the second class are ' 
formed by changing the terminal syllable of the name of the 
metal into io or ous, and the word hydroxyl into hydrate. Thus 
caesium and hydroxyl form c»sic hydrate (Cs(HO)) ; barium 
and hydroxyl, baric hydrate (Ba (HO)^) ; and iron and hy- 
droxyl, ferric hydrate (Ye^ (HO)g). 

A few of these bases have trivial or irregular names, which 
are almost invariably used instead of the systematic names :— ^ 

Systematic names. Irregular names. 

Potassic hydrate Potash. l 

Sodic hydrate Soda. 

Lithic hydrate Lithia. 
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The bases of the third class are distinguished by the terminal 
syllable ine, except nitrine, (NH3), which retains its trivial 
name ammonia. These bases belong almost exclusively to the 
department of organic chemistry, and their nomenclature could 
not be advantageously discussed here. 

It has been already mentioned that by the mutual action of 
an acid and a base upon each other, a salt is produced. If the 
salt be free from oxygen and sulphur, like common salt, (NaCl), 
it is termed a haloid salt ; if it contain oxygen it is termed an 
oxysalt ; and if this oxygen be replaced by sulphur, it is distin- 
guished as a sulphosalt. 

The haloid salts are named according to the rules for binary 
^ compounds above given, thus : 

Name. Pormula. 

m 

Sodic chloride NaCl. 

Calcic iodide Calj. 

Ferrous bromide FeBr. 



2' 

Ferric bromide Fe„Br 



«• 



Oxysalts are divided into normal^ acidy and basic. 

A normal salt is one in which the displaceahle hydrogen of the 
acid (see page 9) is all exchanged for an equivalent amount of 
a metal or of a positive compound radical. 

The following examples will serve to illustrate this definition 
of a normal, or as it is sometimes incorrectly called, a neutral 
salt, the displaceahle atoms of hydrogen in the acid, and the 
metal by which they have been displaced in the salt, being 
printed in italics : — 

Acid. Normal salt. 

^^. . ., ^r^ rr f Sodic iiitpate NOo-^ii. 

^^*"^"^^^ ^^3^ icaldonifciute (NO,),^^". 

^ , , . ., o^^ rr r Potaasic sulphate SO.^a- 

Sulphupio acid SO,^, 1 Calcic sulphate SO.Ca". 

f Potassic phosphate ... PO4JC3. 
Phosphoric acid VOfi^ | ^^^^ phosphate (PO,),^", 

Hypophosphorous add.. VOfifi ... Sodic hypophosphite... VOJBLJS'a. 
Fhosphoroufl acid POgHflj . , . Potassic phosphite . . . VOfiK^ 



Phosphoric acid... P04i^ 
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Acid. Normal salt. 

Metaphosphoric acid . . . VO.^H Lithic metaphosphate . . POgZi. 

Pyrophosphorio acid ... VJd^H^ ... Calcic pyrophosphate... P207Ca"2. 

^'Ldd''!'^..''!^^^""^ SA^. Sodic bisulphate...: BJd,Na,. 

Unknown acid Crfi^H^ ... Potassic bichromate ... CrjO^iSTj. 

An acid salt is one in which the displacedble hydrogen of the 
acid is only partially exchanged for- a metal or positive compound 
radical. 

The following examples illustrate the constitution and nomen- 
clature of these salts : — 

Acid. ' Acid salt. 

Sulphuric acid ... SO^^^ Hydrie sodic sulphate BOJINa. 

Carbonic acid ... CO^H^ Hydric potassic carbonate. . CO^HK. 

Hydricdisodic phosphate... VOJJNa^. 
Dihydric sodic phosphate... VO^H^a. 

I Microcosmic salt VO^H{NH^)Na. 

(Hydric ammonio sodio phosphate.) 

Acid salts are produced almost exclusively from poljbasic 
acids. 

When the number ofhonds^ of the metal or compotmd positive 
radical contained in a salt exceeds the number of atoms of displace* 
able hydrogen in the acid, the compotmd is usually termed a basic 
salt — as, for instance, 

Acid. Basic salt. 

Carbonic acid COg^, | ^j^^ ^^p^j^ carbonate C.O^H, Cu\. 

^ , , . .- „^ „ f Tribasic cupric sulphate SOgH^Cw'^ 

Sulphuric acid SO^ZT, | rj^rpeth mmeral ^0,Hg\. 

These and most, if not all, other basic salts do not differ 
essentially in their constitution from the normal and acid salts. 
This will be seen from the arrangement of their atoms given 
under the different metals entering into their composition. 

The nomenclature of organic bodies is founded upon the 
same principles as that of inorganic compounds ; but its discus- 
sion could not be conveniently introduced here. 

* For an explanation of this term see Chap. III. p. 18. 
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CHAPTEE III. 

CHEMICAL NOTATION. 

Symbolic Notation. — Every element is represented by a 
symbol, which is frequently the initial letter of the name 
of the element ; but as in some cases the names of two or 
more elements begin with the same letter, it is necessary to 
distinguish them by the use of a second letter in small type, 
which is either the second letter of the word, or some other 
letter prominently heard in its pronunciation; thus carbon, 
cadmium, cobalt, and cerium aU begin with the same letter ; 
but they are distinguished by the symbols C, Cd, Co, and Ce. 
In the use of the single letters, the non-metallic elements have 
the preference ; thus oxygen, hydrogen, nitrogen, sulphur, phos- 
phorus, boron, carbon, iodine, and fluorine are expressed by the 
single letters O, H, N, S, P, B, C, I, and E ; whilst the metals 
osmium, mercury, nickel, strontium, platinum, bismuth, cobalt, 
iridiupi, and iron are symbolized by two letters each ; thus Os, 
Hg (hydrargyrum), Ni, Sr, Pt, Bi, Co, Ir, and Fe (ferrum). In 
the selection of the single letter for other cases, preference is 
given to the most important element ; thus sulphur, selenium, 
and silicon are all non*metallic elements, beginning with the 
same letter, but sulphur being the most important, the single 
letter Sl is assigned to it ; whilst selenium and silicon are de- 
noted respectively by Se and Si. 

The symbols of compounds are formed by the simple juxta- 
position of the symbols of their constituent elements. Such a 
group of two or more symbols is termed a chemical formula. 

Thus: 

Argentic chloride AgCl. 

Zincic oxide ZnO. 

The symbols not only represent the elements for which they 
are used, but they also denote a certain definite proportion by 
weight of each element ; the formula HCl, for instance, does 
not merely denote a compound of hydrogen and chlorine, but 
it signifies a molecule of that compound containing one atom 
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{1 part by weight) of hydrogen, and one atom (35'6 parts by 
weight) of chlorine. When, therefore, the molecule of a com- 
pound contains more than one atom or combining proportion 
of any element, it is necessary to express such fact in the for- 
mula : this is done by the use of a coefficient placed after the 
symbol of the element : 

Zincic chloride ZnClj. 

Ferric chloride PCjClg. 

Stannous chloride SnCl^. 

Stannic chloride '. SnCl^. 

When it is necessary to denote two or more molecules of 
any compound, a large figure is placed before the formula of 
the compound ; such a figure then aifects every symbol in that 
formula : thus SSO^H^ means three molecules of the compound 
SO4H,. 

The changes which dccur during chemical action are expressed 
by equations, in which the symbols of the elements or compounds, 
as they exist before the change, are placed on the left, and 
those which result from the reaction on the right. Thus, taking 
an example from each of the five kinds of chemical action 
before mentioned, we have 

(1) Zn + CI, « ZnCl,. 

Zinc. Chlorine» Zincio chloride. 

(2) 2HC1 + Zn = ZnCl, + H,, 

Hydrochloric acid. Zinc. Zincic chloride. Hydrogen. , 

(3) SO.Cu + (NO.XBa = SO.Ba + (NO.) Cu. 

Cnprie sulphate. Baric nitrate. Baric sulphate. Cupricnf&ate. 

(4) (CN)O(NHJ = N,H,(CO). 

Amnionic cyanate. Urea. 

(5) 20H. - O, + 2H,. 

Water. Oxygen. Hydrogen. 

The sign +, as seen from the foregoing examples, is placed 
between the formulsB of the molecules of the different substances 
which are brought into contact before the reaction, and of 
those which result from the change. This sign must never ba 
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used to connect together the constituents of one and the same 
chemical compound. 

The sign — is only very rarely used in chemical notation, 
but when employed it has the ordinary signification of abs- 
traction; thus, 

SO,H, = H,0 = SO3. 

Sulphnrio acid. Water. Solphorio anhydride. 

Use of the hracJcet, — The bracket has been employed in 
yarious senses in chemical formulse ; but in the following pages 
it is used in notation for one purpose only, viz. for expressing 
chemical combination between two or more elements which 
are placed perpendicularly with regard to each other and next 
to the bracket in a formula. Thus in the following cases, 

I. II. ni. 

JCH3 fCH3 N0,0] 

1 CH3 ^ O Ba ^ 

[CH3 NOaOj 

the formula No. I. signifies that two atoms of carbon are 
directly united with each other, No. II. that two atoms of car- 
bon are linked together, as it were, by an atom of oxygen, the 
latter being united to both carbon atoms ; whilst in like manner 
No. III. indicates that one atom of oxygen in the formula 
of the upper line is linked to another atom of oxygen in the 
formula of the lower line, by an atom of barium. 

Use of thick letters, — As a rule, the formulae in this book are 
so written as to denote that the element represented by the 
first symbol of a formula is directly united with all the active 
bonds of the other elements or compound radicals following 
upon the same lino : thus the formula SOjHOg (sulphuric acid) 
signifies that the hexad atom of sulphur is combined with the 
four bonds of the two atoms of oxygen, and also with the two 
bonds of the two semi-molecules of hydroxyl. Such a formula 
is termed a constitutional formula *. 

Occasionally, however, owing to the atomic arrangement of 

* For further information on this subject see Atomicitt op Klehents and 
Compound Badicals below. . 
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a compound not being known, its formula cannot be written 
according to this rule ; and in order to prevent such rational 
or empirical formulm * from being mistaken for constitutional 
formulae, the first symbol of a constitutional formula will 
always be printed in thick type. It deserves also to be men- 
tioned that, as a rule, the element having the greatest number 
of bonds will occupy thill prominent position. Thus, 

Sulphuric acid SO^Ho^. 

Water OH,. 

Nitric acid NO,Ho. 

Microcosmic salt POHo AmoNao. 

Atomicitf of Elements. — It has been already stated that 
the atomic weight of an element is the smallest proportion 
by weight in which that element enters into or is expelled 
from a chemical compound. The atoms of the various ele- 
ments, the relative weights of which are thus expressed, 
exhibit very different values in chemical reactions. Thus an 
atom of zinc is equivalent to two atoms of hydrogen ; for, when 
zinc is brought into contact with steam at a high temperature, 
one atom of zinc expels from the steam two atoms of hydrogen 
and occupies their place — thus, 

OH, + Zn = OZn + H,. 

Water. Zindc oxide. 

j^gain, when zincic oxide is brought into conti^t with hydro- 

^ A rational formula is one in which the atomic composition of a molecule 
is expressed, but without reference to the manner in which the elements are 
combined amongst themselyes. An empirical formula merely expresses, by 
the smallest integers, the proportional number of atoms of each element 
entering into the composition of a compound. Thus the three formula) of 
ferric hydrate are written : — 

Empirical formula FeHgOg. 

Bational „ FegHgOg. 

Constitutional,, FejHog. 

Thus both constitutional and rational formuhe are essentially molecular 
formulae, whilst empirical formulas afford no indication of the number of atoms 
entering into the composition of a molecule ; they are, in fSsu^t, only used to 
represent bodies the molecular weights of which are unknown. 





\ 
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chloric acid, the place of the zinc becomes once more occupied 
by hydrogen, but two atoms of hydrogen are found to be neces- 
sary to take the place of one atom of zinc : 

OZn + 2HC1 = ZnCl, + OH,. 

Zindo oxtde. Hydrochloric acid. Zincio chloride. Water. 

In Hke manner one atom of boron can be substituted for 
three atoms of hydrogen, one atom of carbon for four, one of 
nitrogen for five, and one atom of sulphur for no less than six 
atoms of hydrogen. 

To give a concrete expression to these facts, the atom of 
hydrogen may be figuratively represented as having only one 
point of attachment or bond by which it can be united with any 
other element, zinc as having two such bonds, boron three, and 
so on. Thus the atoms of these elements may be graphically 
represented in the following manner : — 

Hydrogen H— 

Zinc ...: —Zn— 

Boron B 

I 

Carbon -C- 

I 

Nitrogen N 

/ \ 

\ / 

Sulphur ~S— 

/ \ 

In symbolic notation, the same idea is conveyed by the use 

of dashes and Homan numerals placed above and to the right 

of the symbol of the element ; thus, 

Hydrogen H', Carbon C^ 

Zinc Zn", Nitrogen N% 

Boron B'", Sulphur S^ 

No element, either alone or in combination, can exist with 
any of its bonds disconnected ; hence the molecules of all ele- 
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mehU with an odd number of bonds are generally diatomic^ and 
always polyaiomic ; that is, they contain two or more atoms of 
the element united together. Thus, 

Symbolic. Graphic. 

Hydrogen ......... H, H— H 

Chlorine CI, Cl—Cl 

Nitrogen '^\ ISf^N 



Phosphorus P'^^ 

P=P 

An element with an even number of bonds can exist as a 
monatomic molecule, its own bonds satisfying each other. 
Thus, • 

Symbolic. Graphic. 

Mercury Hg" r^^ 

Cadmium Cd" r^^' 




Zinc Zn" r^a 




It is neyertheless obvious that such an element may also 
exist as a polyatomic molecule. Oxygen furnishes us with an 
example of this ; for, in its ordinary condition it is a diatomic 
molecule, and in the allotropic form of ozone, a triatomic 
molecule : 

Symbolic. Graphic. 

Oxygen 0"^ 0=0 

Ozone.: 0"3 ^~/ 

This combining value of the elementary atoms is usually 
termed their atomicity ^ equivalence^ or atom-fixing power. An 
element with one bond is termed a monad^ with two bonds a 

o2 
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dyady with three a triad, with four a tetrad, with five a pentad, 
and with six a Hewad. Elements with an odd number of bonds 
are termed perissadSf whilst those with an even number are 
named artiads. 

In order to avoid the unnecessary use of atomicity-marks in 
symbolic notation, I shall never attach them to a monad or to 
oxygen, which, it must be remembered,is always a dyad. Neither 
will the atomicity-coefficient be attached to the tetrad element 
carbon, in the formulae of organic bodies, unless this element 
plays the part of a dyad — an occurrence of extreme rarity. 
When not otherwise marked, therefore, carbon must always be 
imderstood to be a tetrad. 

It will also, as a rule, be unnecessary to mark the atomicity 
of the elements which are expressed by symbols in thick type^ 
because their atomicity is clearly indicated by the sum *of the 
atomicities of the elements or compound radicals placed to their 
right, or connected with them perpendicularly by a bracket. 
Thus in the formula 

/cci, 

each atom of carbon is united with three atoms of the monad 
chlorine, whilst the bracket, indicates that the two atoms of 
carbon are also united by one bond of each, thus stamping C 
as a tetrad element. 

From what has just been said with regard to carbon, it is 
evident that the atomicity of an element is, apparently at least, • 
not a fixed and invariable quantity : thus nitrogen is sometimes 
equivalent to five atoms of hydrogen, as in ammonic chloride, 
(N^H^Cl), sometimes to three atoms, as in ammonia (N^'Hg), 
and sometimes to only one atom, as in nitrous oxide (ONj). 
But it is found that this variation in atomicity always takes 
place by the disappearance or development of an even number 
of bonds : thus nitrogen is either a pentad, a triad, or a monad ; 
phosphorus and arsenic, either pentads or triads ; carbon and 
tin, either tetrads or dyads ; and sulphur, selenium, and tellu- 
rium, either hexads, tetrads, or dyads. 
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These remarkable facts can be explained by a very simple 
and obvious assumption, viz. that one or more pairs ofhonds 5e- 
longing to one atom of the same element can unite and, having 
saturated each other, become, as it were, latent. Thus the pentad 
nitrogen becomes a triad when one pair of its bonds becomes 
latent, and a monad when two pairs, by combination with each 
other, are, in like manner, rendered latent, — conditions which 
may be graphically represented thus : — 

Pentad. Triad. Monad. 

/ \ U O 

And in the case of sulphur : 

Hexad. Tetrad. Dyad. 

7S- -s- -s- 

Adopting this hypothesis, it will be convenient to distinguish 
the maximum number of bonds of an element as its absolute 
atomicity, the number of bonds ainited together as its latent 
atomicity, and the number of bonds actually engaged in linking 
it with the other elements of a compound as its active atomicity. 
The sum of the active and latent atomicity of any element must 
evidently always be equal to the absolute atomicity. Thus in 
sulphuric acid (S'^OgHoa) the absolute and active atomicities 
are both =vi, therefore the latent atomicity =0. In sulphu- 
rous acid ("S'^OHog) the active atomicity =iv, and conse- 
quently the latent = VI— IV =11; whilst in sulphuretted hydro- 
gen (^^S"fl2) the active and latent atomicities are respectively 
II and IV. 

The apparent exceptions to this hypothesis nearly all dis- 
appear on investigation : thus iron, which is a dyad in ferrous 
compounds (as PeClj), a tetrad in cubical pyrites (PeS"2), and 
a hexad in ferric acid (PeOjHog), is apparently a triad in ferric 
chloride (PeClg); but the vapour-density of ferric chloride 
shows that its formula must be doubled — ^that, in fact, the two 
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atoms of the hypothetical molecule of iron (Fe^) have not been 
completely separated. The formulae of the ferrous and ferric 
chlorides and of ferric acid then become 

Symbolic. Graphic. 

Perrons chloride... ^iPe'Cl,. Cl-^fwCl 

u 



or 



„ f 'TeCl, Cl-£-Cl 



CI 



CI CI 

I I 
Ferric chloride ... "Pe'",Cl.. CI— Fe^Fe— CI 



CI CI 
CI CI 



or 



{ 



ci ci 



o 

Ferric acid Pe''0,no... H— 0— Fe— 0— H 



O 

It will be remarked that the number of bonds supposed to 
be combined with each other in the atom of iron in ferrous 
chloride is expressed in one of the above formulae by the ato- 
micity numeral iv placed to the left of the symbol, whilst the 
analogous union of three bonds of each atom of iron in ferric 
chloride is expressed by the three dashes'" to the left of the 
symbol Pe^. I shall not, however, use these coefficients of 
latent atomicity in the case of the single atopa of an element, 
the student being supposed to have made himself acquainted 
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with the absolute atomicity of every element as expressed in 
the Table at page 32. For a similar reason, it will also rarely 
be necessary to express the same idea in graphic notation: thus, 
for instance, ammonia will be drawn 

H H 

I and not I 

H— l!r-H TL—N—R 

It will be necessary, however, to employ these coefficients in 
symbolic formul», where two or more atoms of the same ele- 
ment are joined together under such circumstances, that the 
number of bonds uniting them cannot be found by subtracting 
the coefficient of active atomicity from the absolute atomicity 
of the element ; as in hydric persulphide ('S'^H,), for instance, 
which might otherwise be viewed as '"S'^H^, or 'S'2H2. 

In rare cases, in which oxygen links together two elements 
or radicals in the same line of a formula, a hyphen is placed 
before and after the symbol O, thus : — 



( 



CH,-0-CMeO 
OH,-O.CMeO- 

Diaoetic glycol. 



Gbaphic Notation. — This mode of notation, although far 
too cumbrous for general use, is invaluable for clearly showing 
the arrangement of the individual atoms of a cheiuical com- 
pound. It is true that it expresses nothing more than the 
symbolic notation of the same compound, if the latter be written 
and understood as above described ; nevertheless the graphic 
form affords most important assistance, both in fixing upon the 
mind the true meaning of symbolic formulae, and also in making 
comparatively easy of comprehension the probable internal ar- 
rangement of the very complex molecules frequently met with 
both in mineral and organic compounds. It is also of especial 
value in rendering strikingly evident the causes of isomerism 
in organic bodies. 
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Graphic notation, like the above method of symbolic notation, 
is founded almost entirely upon the doctrine of atomicity, and 
consists in representing, graphically, the mode in which every 
bond in a chemical compound is disposed of. Inasmuch, how- 
ever, as the principles involved are precisely the same as those 
already described under the heads of stmbolio notation and 
ATOiciciTY 07 ELEMENTS, it is Unnecessary here to do more 
than give the following comparative examples of symbolic and 
graphic formula : — 

Symbolic, Graphic. 

Water OH^. H— 0— II 



Nitricacid NO.Ho. N— 0— H 

II 


H 
Ammonic chloride NH.Cl. H— N— CI 

O 



Sulphuric anhydride SO3. IS=0 

II 

o 

o 

Sulphuric acid SO.Ho,. H— O— S— 0— H 

II 
O 

Carbonic anhydride CO,. 0=C=0 

Potassic carbonate COKoj. K — — C — — K 

II 
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Symbolic. Oraphio. 

H 

MarsWaa CH,. H— C— H 

I 
H 

H H H H 

Ammonic carbonate, COAmo,. H — N — — C — — 1^— H 



A h k 



2 

Zincic nitrate ... Zn" 

N0,0 



O O 

NO.O V . II il 

N— 0— Zu-^0— N 

II il 

o o 



It must be carefully borne in mind that these graphic for> 
mulsB are intended to represent neither the shape of the mole- 
cules, nor the supposed relative position of the constituent 
hypothetical atoms. The lines connecting the diiferent atoms 
of a compound, and which might with equal propriety be drawn 
in any other direction, provided they connected together the 
same elements, serve only to show the definite disposal of the 
bonds, the latter again being only a concrete symbolic expres- 
sion of an abstract train of reasoning : thus the formula for nitric 
acid indicates that two of the three consti- ^ 
tuent atoms of oxygen are combined with .. 

nitrogen alone, and are consequently united jf Q g; 

to that element by both their bonds, whilst jj 
the third oxygen atom is combined both with 
nitrogen and hydrogen. 

The lines connecting the different atoms of a compound are 
but crude symbols of the bond of union between them ; and it 
is scarcely necessary to remark that no such material con- 
nexions exist, the bonds which actually hold together the con- 
stituents of a compound being, as regards their nature, entirely 
unknown / 

It may also bje^ here mentioned that graphic, like symbolic 
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formul®, are purely statical representations of chemical com- 
pounds ; they take no cognizance of the amount of potential 
energy associated with the different elements. Thus in the 
formulsB for marsh-gas and carbonic anhydride, 

H 



H C H 


0— C-0 


H 




Marsh-gas. 


Carbonic anhydride. 



there is no indication that the molecule of the first compound 
contains a vast store of force, whilst the last is comparatively 
a powerless molecule. 



CHAPTER IV. 

COMPOUND BADICALS. 

The term compound radical may bo appUed to mj group of 
two OP more atoms, which takes the place and performs the 
functions of an element in a chemical compound. In practice, 
however, it is only applied to any such group wl^en the latter 
is met with in numerous chemical compounds. 

An element is a simple radical, and enters into combination 
in the following manner ; a, 5, c, and d being monad elements, 
a" a dyad, a"' a triad, and a*' a tetrad element : — 

a + h = ah, 
a" +2J=a'\, 
a"+3h=a"% 
&c, &c. 

A group of elements replacing a, a", or a" in the above equa- 
tions is a compound radical, as in the following examples : — 
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. (a"h) + h=ia''h)h, 

(a"'by +2b = (a'"hy\, 

{a'" be) + b = (a"'bc)b, 

(a'^b)'" +Sb==(aHr\, 

((^'be)" +25=(a*'&c)"5„ 

(a'^bcd) + b^{aH€d)h. 

The group of elements {a"b) constitutes a compound monad 
radical equivalent toone atom of hydrogen or chlorine. The 
group (a'"b)" is a compound dyad radical, &e. It is there- 
fore evident that a polyad element is essential to every com- 
pound radical ; in fact a compound radical consists of onp or 
more atoms of a polyad element in which one or more bonds are 
unsatisfied; and it is either a monad, dyad, triad, Sfc, radical, ac- 
cording to the number of monad atoms required to satisfy its 
active atomicity. Such a radical, when a monad, triad, or pentad, 
cannot exist as a separate atom ; like hydrogen or nitrogen, 
when isolated, it combines with itself, forming a diatomic mole- 
cule. It is only by the union of two atoms that the vacated 
bonds can in these cases be satisfied. 

From the above definition of a compound radical, it is evi- 
dent that an almost infinite number of snch bodies must exist ; 
for in the compounds of every polyad element it is only neces- 
sary to vacate successive bonds to create each time a new com- 
pound radical. Thus marsh-giets CH^ minus one atom of 
hydrogen gives the compound radical methyl CH3 ; minus two 
atoms of hydrogen, it forms methylene (CHj)", and by the 
abstraction of three hydrogen atoms it is transformed into the 
triad radical formyl (CH)'"; but, except in a few cases, it is 
not advantageous thus to incorporate, as it were, compound 
radicals, which, instead of simplifying notation and nomencla- 
ture, would, if thus multiplied, only embarrass them, l^b 
compound radical, therefore, ought to receive a recognition as 
such unless it can be shown to enter into the composition of a 
large number of compounds. 

The following are the names and formulae of the chief inor- 



lio formoUe. 


Abbreviated 
fttomio formuUB. 


HO 


Ho. 


-HS 


Hs, 


NH, 


Am. 


NH.O 


Amo. 


NHj 


Ad. 



28 COMPOUND RADICALS. 

ganic compound radicals recognized in the notation of this 
book : — 



Hydroxyl (HO)^ 

HydroBulphyl (HS)^ 

Ammonium (NHJ2 

Ammonoxyl (NH^0)2 

Amidogen (NHg), 

In addition to these, certain compounds which metals form 
^ith oxygen are also regarded as compound radicals — ^for 
instance, 

Molecular Atomic Abbreviated 

formula. foniiuJ«. atomic formnls. 

Potassoxyl (KO), KO Ko. 

Zincoxyl (ZnO^) -^ Zn" Zno". 

lo 

The essential character of these last compound radicals is 
that the whole of the oxygen they contain is united with tho 
metal by one bond only of each oxygen atom, as seen in tho 
following graphic formulsB: — 

Hydroxyl — 0-H 

Potassoxyl — — K 

Zincoxyl — Q— Zn— 0— 

The metal thus becomes linked to other elements by these 
dyad atoms of oxygen. The functions of such compound radicals 
will be sufficiently evident from the following examples of 
compounds into which they enter, and in which their position 
is marked by dotted lines. 

O 

il 
Kitricacid N— 0— H 

■ II i 
V 
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Fotassic sulpbate 




O 



-s- 




Baric nitrate 



O 

II 
N- 

il 
o 



o 



: O 

I II 

_0— Bar-0-i-N 



O 



Zincic sulphate 




It is not necessary to dignify all these metallic compound 
radicals with names ; the chief point of importance about them 
is their abbreyiated notation, in. which the small letter o is 
attached to the symbol of the metal, the atomicity of the radical 
being marked in the usual manner. It must be borne in mind 
that the number of atoms *of oxygen in any radical of this class 
depends upon its atomicity : thus a monad contains only one 
atom of oxygen, a dyad two, and a triad always three atoms of 
oxygen. The use of any but monad and dyad metallic com- 
pound radicals is v^ry rare. 
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CHAPTER V. 

ATOM16 AKD MOLECULAB COMBINATION. 

In all the cases of chemical combination considered in the 
above Chapters, a union of atoms has been invariably contem- 
plated. This atomic union is generally attended by the breaking 
up of previously existing molecules — ^two such molecules, by 
the mutual exchange of their atomic constituents, producing 
two new and perfectly distinct molecules. Thus when chlorine 
unites with hydrogen to form hydrochloric acid, a molecule 
of chlorine and one of hydrogen yield up their constituent 
atoms, forming two molecules of hydrochloric acid, 

C1,+H, = 2HCL 

. In comparatively rare cases, two molecules, combine to form 
only one new molecule ; thus a molecule of carbonic oxide and 
one of chlorine combine to form one molecule of carbonic 
oxydichloride or phosgene gas: but the union is even here 
essentially atomic ; for after combination both the oxygen and 
chlorine are directly united with the atom of carbon : 

C"0 + CI, = C*^OCI,. 

Caxbonio oxide. ChlOTine. Phosgene gas. 

Chemists are, however, compelled to admit an entirely dif- 
ferent kind of union, which not unfrequently occurs, and 
which, in conformity with the atomic hypothesis, may be ap- 
propriately termed molecular union or molecular comhination. In 
the formation of such compounds, no change takes place in the 
active atomicity of any of the molecules. It is this kind of 
combination which holds together salts and their water of crys- 
tallization, as, for instance, 

Sodic chloride crystallized at -10° C NaCl, 2OH2. 

Sodic bromide crystallized below + 30° C . . .NaBr, 2OH2. 
Sodic iodide crystallized below -fSO^C.Nal, 203:,. 
Alum SAC'Al'" A^Ko,, 240H,. 
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Numerous oth^r instances of molecidar combination iniglit 
be adduced ; but it is only necessary here to point out that sucb 
molecular unions will be distinguished from atomic combi- 
nations by the use of the comma, as in the above and following 
examples : 

Tetramethylammonic tri-iodide NMe^ I, I^. 

Tetramethylammonic pentiodide NMe^ 1, 2I2. 

Tetramethylammonic iodo-dichloride .NMe^ I, C).^, 

In all cases molecular combination seems to be of a much 
more feeble character than atomic union ; for, in the first place, 
such bodies are generally decomposed withfacility ; and secondly, 
the properties of their constituent molecules 9.re markedly per- 
ceptible in the compounds. Thus the above so-called perio- 
dides of the organic bases present in appearance great resem- 
blance to iodine. 



CHAPTER VI. 



CLASSIFICATION OF ELEMENTS. 



It has already been mentioned that the elements may be 
divided into two great classes, the metals and the non-metals 
or metalloids. A second division into positive and nega- 
tive elements has also been explained. A third and still more 
important classification is founded upon the atomicity of the* 
elements. In the following classified Table all three methods 
are embodied, the metalloids being printed in red type, and the 
metals in black, whilst the positive elements are printed in 
Soman characters, and the negative in italics. In addition,, 
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tbe different classes are also divided into sections, consisting 
of elements closely related in their chemical characters. 



Monads. 


Dyads. 


Triads. 


Tetrads. 


Pentads. 


Hexads. 


Ist Section. 

Hydrogen. 


1st Section. 
Oxygen. 


1st Section. 
Boron. 


Ist Section. 

Carbon. 
Silicon. 

Tin. 
Titonium. 


ist Section. 

Nitrogen. 
FhospaoraB. 

Yanadiom. 
Arsenic 
Antimony. 
Bismuth. 


Ist Section. 

Sulphur. 

Selenium. 

TMurium. 


2nd Section. 

Fluorine. 
Chlorine. 
Bromin^e. 
Iodiv.e. 


2nd Section. 

Barium. 

Strontium. 

Caldlam. 

Magnesium. 

Zinc. 


2nd Secti<Hi. 
Oold. 


2nd Section. 

Tungsten. 
Molybdenum. 


2ndSecti(m. 

Thorinum. 

Niobium. 

Tantalum. 

Zirconium. 

Aluminium. 


• 


3rd Section. 

Osmium. 
Iridium. 
Ruthenium. 
Bhodium. 


3rd Section. 

Cftsinm. 

Bnbidium. 

Potassimn. 

Sodium. 

lithium. 


drd Section. 

Didyminm. 
Lanthanum. 
Yttrium. 
Olucinum. 


3rd Section. 

Platinum. 
Palladium. 


4th Section. 
Chrominm. 

Iron. 

Cobalt. 

Nickel 

Uranium. 

Cerium. 


4th Section. 

Thallium. 
Silven 


4th Section. 

Cadmium. 

Mercury. 

Copper. 


4th Section. 
Lead. 



' 



CHAPTER VII. 



WEIGHTS AND MEASCBES. 



The weights and measures employed in this book are chiefly 
those of the French decimal system. The following Tables, 
published by Messrs. De la Rue and Co., will enable the 
student to convert these into their English equivalents when- 
ever this may be necessary. 
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French Measures of Length, 



HiUimtoe .. 
Centimetre.. 
D^cim^e .. 

If^tre 

DdcamHre .. 
Heotomfetre 
Kilometre .. 
Myrioxabtre 



In English 
inchea. 



(H)3937 

0-39371 

8-93708 

39-37079 

893-70790 

8937-07900 

89370-79000 

393707*90000 



In English 
feet=12 
inohes. 



0*003281 

0-032809 

0-328090 

8-280899 

82-808992 

828-089920 

8280-899200 

32808-992000 



In English 
7ards=8feet 



0-0010936 

0H)109863 

0-1093633 

. 1-0936331 

10-9863310 

109-3638100 

1093-6331000 

10936-8310000 



In English 

faUioms=0 

fiset. 



0H)005468 

0K)054682 

00546816 

0-5468165 

5-4681655 

54-6816560 

546-8165500 

5468-1655000 



In English 

nuleB= 
1760 yards. 



0-0000006 
0-0000062 
0-0000621 
0-0006214 
00062138 
0-0621382 
0-6213824 
6-2138244 



1 inch=:2-539954 oentim^tres. 
1 foot =3-0479449 decimetres. 



1 7ard=0*0143835 metre. 
1 mile=l-6093149 kilometre. 



French Measures of Surface* 



Centiare or sq.metre 
Are or 100 sq. metres 
Hectare or 10,000) 
square metres...) 



In English 
square feet. 



10-764299 
1076-429934 

107642-993418 



In English 

Bqnare yards 

=9 square 

feet. 



1-196033 
119-603326 

11960*332602 



In English 

poles= 

272-25 sq. 

feet. 






0-0395383 
3-9538290 

395-3828959 



In English 

rooas= 

10890 sq. 

feet. 



0-0009885 
0-0988457 

9-8845724 



In English 

aores= 

43560 sq. 

feet. 



0-0002471 
0-0247114 

2-4711431 



1 square inoh=6'4513669 square centimetres. 
1 square foot =9-2899683 square decimetres. 
1 square yard= 0-83609715 square metre or centiare. 
1 acre =0-40467102 hectare. 



French Measures of Capacity, 



If illilitre or cubic cen- ) 

timetre S 

CentiUtre or 10 cubic \ 

centimetres ) 

U^dlitre or 100 cubic ) 

centimetres ) 

Litre or cubic decimetre 
Btoditre or centistere. . . 
Hectolitre or d^stere.. 
Kilolitre, or Stere, or) 

cubic metre ) 

Myriolitre or decastere. 



In cubic 
inohes. 



0-06103 
0*61027 

6-10271 

61-02705 

610-27052 

6102-70515 

61027-05152 

610270-51519 



In cubic 

feet= 

1728 cubic 

inohes. 



0-000035 
0-000353 

0-003532 

0036317 
0-353166 
3-531658 

35-316581 

363-165807 



In pints= 

34-65923 

cubic 

inches. 



0-00176 
0-01761 

0-17608 

1-76077 

17-60773 

176-0T734 

1760-77341 

17607*73414 



Ingsllons 

=8pint8 

=277-27384 

cubic inches. 



0-0002201 
0K)022010 

0-0220097 

0-2200967 

2-:j009668 

22-0096677 

220-0966767 

2200-9667675 



In bushels 

=8 gallons 

=2218-19075 

cubic inches. 



0-0000275 
0-0002751 

0-0027512 

0-0275121 
0-2751208 
2*7512085 

27-5120846 

275-1208459 



1 cubic inoh= 16-386176 cubic centimetres. 

1 cubic foot =28-315312 cubic de'oimetres, or litres. 

1 gallon =4-543358 litres. 



B 
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French Measures of Weight. 


• 


1' 


Infilngliah 
girainn. 


In troy 

oanoea= 

480 grains. 


In aToirdo- 

poiBlb8.= 

7000grainfl. 


Incwt8.= 
112 lbs. = 
784000 grs. 


TonB=: 

20owt8.= 

15680000 grs. 


MUlignunme .;.;;;... 

riAlitiirrammA 


0*01548 

0*15433 

1*54828 

15*43335 

154*32349 

1543-23488 

15432-34880 

154323-48800 


0-000033 
0*000323 
0*003315 
0-032151 
0-321607 
3-215073 
32150727 
321-507267 


0-0000022 
0-0000220 
0-0002205 
0-002^046 
0*0220462 
0-2204621 
2-2046213 
22-046^126 


0-0000000 
0*0000002 
0-0000020 
00000197 
0*0001968 
0*0019684 
0-0196841 
0*1968412 


0*0000000 
O^HXXXXW 
0*0000001 
0-0000010 
0*0000098 
0-0000984 
0-0009843 
0*0098431 


D^oignunme 


Orftmrne 


Dtfcaenuume 


Hectogramme 


Mynogramme 


1 grain - 0064799 gramme. 1 lb. aToir.= 0*453693 kilogr. 
1 troy os.=Sl*103496 grammes. 1 cwt =60-803377 kilogrs. 



Temperatures are expressed upon the Centigrade scale, and 
barometric measurements are giyen in millimetres. 

jPor the ready conversion of gaseous volumes into weights, I 
kave Adopted the crith^ or standard multiple proposed by Dr. 
Hofmann. The crith is the weight of one litre or cubic deci* 
faietre of hydrogeti at 0° C. and at a pressure of 760 millimetres 
of mfercury. The following is Dr. Hofmann's description of 
the value and applications of this unit. 

'' The actual weight of this cube of hydrogen, at the standard 
iemperature and pressure mentioned, is 00896 gramme; a 
figure which I earnestly beg you to inscribe, as with a sharp gra- 
ving tool, upon your memory. There is probably no figure in 
chemical science more important than this one to be borne 
in mind, and to be kept ever in readiness for use in calculation 
at a moment's notice. For this litre-weight of hydrogen 
B= 0*0896 gramme (I jpurposely repeat it) is the standard 
multiple, or coefficient, by means of which the weight of one 
Ktre of any other gaa, simple or compound, is computed. Again, 
therefore, I say, do not let slip this figure — 0*0896 gramme. 
So important, indeed, is this standard weight unit, that some 
name — ^the simpler and briefer the better — ^is needed to denote 
it. For this purpose I venture to suggest the term crith^ de- 
rived from the Greek word icf>cO^, signifying a barley-corn, 
and figuratively employed to imply a small weight. The weight 
of 1 litre of hydrogen being called 1 crith, the volume-weight 
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of other gases, ireferred to hydrogen as a standard, may be ex- 
pressed in terms of this unit. 

" For example, the relative volume-weight of chlorine being 
35*5, that of oxygen 16, that of nitrogen 14, the actual weight 
of 1 litre of each of these elementary gases, at (P C. andO"*76 
pressure, may be called respectively 85*5 criths, 16 erUhs, and 
14 eriths. 

" So, again, with reference to the compound gases ; the rela- 
tive volume^weight of each is equal to half the weight of its 
product-volume. Hydrochloric acid (HCl), for example, con- 
sists of 1 vol. of hydrogen +1 vol. of chlorine « 2 volumes; 
or, by weight, l+35*5=36'5 units j whence it follows that the 
relative volume-weight of hydrochloric acid gas is -^-'^'l^'^^ 
units; which last figure therefore expresses the number of . 
eritke which one litre of hydrochloric acid gas weighs at QP C. 
temperature and 0"*76 pressure; and the crith being (as I 
trust you already bear in mind) 0*0896 gramme, we have 

18-25 x00896=l-6352 

as the actual weight in grammes of hydrochloric acid gas. 

" So, once more, as the product-volume of water-gas (H^O) 
(taken at the above temperature and pressure) contains 2 
vols, of hydrogen + 1 vol. of oxygen, and therefore weighs 2+16 
a=18 imits, the single volume of water-gas weighs y=9 units ; 
or, substituting as before the concrete for the abstract value, 
1 litre of water-gas weighs 9 criths ; that is to say, 9 X 0*0896 
gramme =s 0*8064 gramme. 

" In like manner the product-volume of sidphuretted hydro- 
gen (HaS)=2 litres of hydrogen, weighing 2 criths, -f-1 litre 
of sulphur-gas, weighing 32 criths, together 2+32=34 criths, 
which, divided by 2, gives ^=17 crithB=l7x 0*0896 gramme 
=1*5232 gramme=the weight of 1 litre of sulphuretted hydro- 
gen at standard temperature and pressure. 

'' And so, lastiy, of ammonia (NH,) ; it contains in 2 litres 
3 Utres of hydrogen, weighing 3 criths, and 1 litre of nitro- 
gen, weighing 14 criths ; its total product-volume-weight is 

d2 
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therefore 3+1^=17 erithsy and its single Tolame or litre 
weight is consequently 

~=8-5 criths=8-5x0 0896 gramme=:0-7616 gramme. 

"Thus, by the aid of the hydrogen-litre- weight or crith 
:t=0'0896 gramme, employed as a common multiple, the actual 
or concrete weight of 1 litre of any gas, simple or compound, 
at standard temperature and pressure, may be deduced from 
the mere abstract figure expressing its yolume* weight relatively 
to hydrogen." 

The number expressing in criths the weight of 1 litre of any 
gas or vapour being identical with its specific gravity compared 
with hydrogen taken as unity, it is easy, when this number 
is known, to calculate the specific gravity of the gas compared 
with air taken as unity. Por this purpose it is only necessary 
to multiply by "0693, which is the specific gravity of hydrogen 
compared with air =1. 

Thus the specific ^avity of oxygen compared with air is 

16 X 0693=11088; 
• of chlorine, 

35-5 X 0693 =2-4!6015; 

of hydrochloric acid, 

18*25 X -0693 «r264725. 



CHAPTER VIII. 

MONAD ELEMENTS. 

Section I. 
HYDROGEN, H,. 

Atomic Weight =L Molecular weight =2. Molecular volume 
I 1 1 . 1 litre weighs 1 crith. Atomicity ', hevng the standard 
of comparison. 
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Occurrence, — In combination, as water, in very large quan- 
tities in nature. In almost, all vegetable and animal sub- 
stances, and in inany minerals. In tbe free state in the gases 
of volcanoes. In the sun, certain stars, and nebulsB ? 

I^reparation, — 1. By the action of sodium upon water : — 

20H, + ISfa, = 20NaH + H,. 

Water. Sodium. Sodio bydrate. Hydrogen. 

2. By the action of sodium upon dry hydrochloric acid :— 

2HC1 + Na, = 2]SraCl + H,. 

Hydrochlorio add. Sodium. Sodio chloride. Hydrogen. 

3. By the action of zinc, iron, or certain other metals on 
hydrochloric acid : — 

2HC1 + Zn = ZnCl, + H,. 

Hydrochlorio add. * • Zincio chloride. 

4. By the action of zinc or certain other metals on dilute 
sulphuric acid :— 

SO,Ho, + Zn = SO,Zno" + H,. 

Sulphuric add. Zindo sulphate. 

5. By passing steam over iron heated to redness : — 

Fe, + 40H, = *^(Pe3)'^0, + 4H,. 

Water. Triferrio tetrozide. 

6. By the action of zinc on a boiling solution of potassic 
hydrate : — 

20KH + Zn = ZnKo, + H,. 

Potassic hydrate. Fotasdc zinc oxide. 

7. By the electrolysis of water and of some other liquids 
containing hydrogen. 

8. By the action of intense heat upon water. 

9. In the destructive distillation of some organic substances. 
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Sectioit II. 

CHLOBINE, CI,. 

Atomic weiffht^^6*5. Molecular weight ^7h Moleeuhr volume 
II I . 1 litre weighs 85*5 crithi, Mas not been solid^ed. 
Liquefies at 15^*5 C, under a pressure of 1 atmospheres. 
Atomicity'. Evidence of atomicity, HCl. 

Occurrence^ — ^Always in combination — ^with Bodium and other 
metals in sea-water, and in the solid state in the salt-beds of 
Cheshire, "Worcester, &c. Evolved from volcanoes in the form 
of hydrochloric acid. 

JPreparation, — 1. By heating certain metallic chlorides, as 
platinic and auric chlorides ; — 

PtCl, «= 2C1, + Pt. 

Platinio ohloride. 

2, By gently heating a mixture of manganic oxide and hy- 
drochloric acid, when the reaction takes place in two stages : — 

MnO, + 4HC1 = MnCl, + 20H,; 

Manganio oxide. . Hydroohlorio add. Manganio chloride. Water. 

MnCl, = MnCl, + CI,. 

Hangaiuo ohloride. Ilangaiioiui ohloride, 

3. By heating a mixture of sulphuric acid, sodio chloride, 
and mauganic oxide, when the whole of the chlorine present is 
liberated : — 

MnO, + 2SO,Ho, + 2NaCl = SO.Nao, -|- 

Slanganic oxide. Sulphurie acid. Sodic chloride. Sodio sulphate. 

• SO,Mno" + 20H, + CI,. 

MangaaouB sulphate; Water. 

K in the second process a mixture of manganic oxide, 
hydrochloric acid, and sulphuric acid be employed, the whole of 
the chlorine is evolved :— 

MnO^ + SO.Ho, + 2HC1 = 

Manganic oxide. Snlphnric add. Hydrochloric add. 

SO^Mno" + 20H, + CI,. 

Manganoiu sulphate. Water. 



I 
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4. By the electrolysis of hydroclilorio acid. 

5. Cuprous chloride, heated in air and moistened with hy- 
drochloric acid, or heated in a current of hydrochloric acid gas, 
steam, and air, produces cupric chloride. By raising the tempe- 
rature chlorine is evolved, and cuprous chloride reproduced :— 

Cn,Cl, + + 2HC1 = 20nCl3 + OH,, 

and 20uCl, = On^Cl, + CI,. 

Beaciions, — 1. A mixture of chlorine and hydrogen unite 
instantly, with explosion, under the influence of sunlight, or 
of powerful artificial light, or on the application of a burning 
body to the mixture. A burning jet of hydrogen continues to 
bum when plunged into chlorine, 

K + CL = 2HC1. 



'a ' ^*a 



2. Chlorine has so great an attraction for hydrogen, that it 
removes the latter from its compounds with carbon. When a 
rag moistened with turpentine is plunged into chlorine, the 
chlorine and hydrogen unite, with evolution of heat and light, 
carbon being liberated : — 

"c,oH,e + 8CI3 = 16HC1 + IOC. 

Turpentine. Hydrochloric acid. 



HYDROCHLORIC ACID, Chlorhi/dric Add, Muriatic Add. 

HCl. 

Molecular weight s=36'5. Molecular volume \ I i . 1 litre 
weighs 18*25 criths, Saa not been solidified. Condenses 
at 10° under a pressure of 4>0 atmospheres. 

Occurrence. — Evolved from volcanoes. 
JPreparation, — 1. From its elements, as above described. 
2. By gently heating sodic chloride with sulphuric acid, pre- 
viously diluted with a small quantity of water : — 
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SO,Ho, + NaCl = SO,HoNao + HCl: 

Salphorio add. Sodio ohloride. Hjdiic sodio flulphate. Hydrochloric acid. 

or SO,Ho, + 2NaCl = SO^Nao, + 2HC1. 

Snlpburic acid. Sodio chloride. Sodio rolphate. Hydrochloric acid. 

Reactions. — Hydrocbloric acid may be converted into salts 
termed chlorides hj the action of certain metals as described 
above, and also bjr that of the metallic hydrates or oxides : — 

OKH + HCl = KCl + OH,. 

Fotasaio hydrate. Hydrochlorio acid. Fotasaic ohloride. Water. 

ZnO + 2HC1 = ZnCl^ + OH,. 

Zindo oxide. Hydrochlorio acid. Zinoio chloride. Water. 

For the remaining monad elements of this Section, see 
Chapter XIV. 



CHAPTER IX. 

DYAD ELEMENTS. 

Section I. 

OXYGEN, O,. 

Atomic weight =16, Molecular weight =:S2. Molecular volume 
I I 1 . 1 litre weighs 16 crithi. Atomicity", Evidence 
of atomicity : — 

Water OH,. 

Potassic hydrate OKH. 

Argentic oxide OAg,. 

Hypochlorous anhydride OCl,. 

Occurrence.— In the free state in the atmosphere. In the 
combined state in water, in most mineral bodies, and in almost 
all animal and vegetable compounds. 

Preparation, — 1. If metallic mercury be heated to its boiling- 
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point with access of air, it gradually absorbs oxygen, being 
converted into mercuric oxide, Hg"0. This compound, when 
more strongly heated, is resolved into its elements, 

2HsO = 2Hg + 0,. 

Mercario oxide. Heronry. Oxygen. 

2. By heating native manganic oxide (pyrolusite) a portion 
of its oxygen is liberated : — 

3MnO, = »XMn3)^0, + 0,. 

Manganic oxide. Trimanganio tetroxide. 

3. Oxygen is evolved in nature in a remarkable manner by 
the decomposition of carbonic anhydride, COj, by the green 
leaves of plants, the vegetable assimilating the carbon, whilst 
the oxygen escapes into the atmosphere : — 

00, « C + 0,. 

Carbonio anhjdride. 

4. By the action of beat upon potassic chlorate : — . 

fOCl 
(Atomic) -^ O =KC1 + 30, or 

(.OK 

fOCl 
(Molecular) 2 \ =2KC1 + 30.. 

(ok 

Potaado chlorate. Potaario Oxygen. 

chloride. 

5. By mixing the potassic chlorate with manganic oxide, the 
oxygen is evolved at a much lower temperature ; the manganic 
oxide appears to take no part in the reaction. 

6. By dropping concentrated sulphuric acid into a red-hot 
platinum retort, the acid is decomposed into oxygen, sulphu- 
rous anhydride, and water : — 

(Atomic) SO.Ho, = SO, + OH, + 0, or 

(Molecular) 2SO,Ho, = 2S0, + 20H, + O,. 

Sulphnrous 
anhydride. 

7. By the electrolysis of water. 



Solphnrio acid. Sulphnrous Water. 

ihy" 
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8. By the action of heat upon a mixture of manganic oxide 
and sulphuric acid : — 

(Atomic) MnO^+ SOjHojSs SOjMno"+ OH^ + 0, or 

(M:olecular)2MnO, + 2SO,Ho, =2SO,Mno"+20H, + 0,. 

ianganio Sulphuric Hang^ 

onde. aoid. sulpl 



Manganio Sulphuric Kangunous Water. 

>3ade« aoid. Bulphate. 



9. By heating a mixture of potassio bichromate and sulphuric 

acid : — 

f CrO^Kq 
2^0 + 8SO,Ho, = 2SO,Ko, 

I OrO,Ko 

Fotawic biohromate. Solphurio aoid. Fotawno gulpliate, 

+ 2S,0,('Cr"',0,)- + 30, + 80H,. 

Chromio sulphate. Water. 

10. By passing steam and chlorine through a red-hot porce- 
lain tube, hydrochloric acid and oxygen are formed : — 

• 20H, + 2C1, = 4HC1 + 0,. 

Water. Chlorine. Hydrochloric acid. 

Beaction. — ^A mixture of two volumes of hydrogen and one 
volume of oxygen explodes at a red heat, water being produced. 
The same compound is formed when hydrogen is burnt in oxy- 
gen or oxygen in hydrogen : — 

(Molecular) 2Hj + O^ = 2OH2. 



ALLOTROPIC OXYGEN or OZONE, 0,, 

Molecular weigMssi^H, Molecular volume | ) 1 . 1 litre weigha 
24 criths. 

I*reparation. — 1. When electric sparks are passed through air 
or oxygen, a peculiar odour, which is due to ozone, is observed. 

2. By placing phosphorus in moist airat about the prdiniiry 
temperature for a few hours. 

3. By passing an electric current through dilute sulphuric 
or chromic acid. 
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Thus obtained, ozone )s always mixed with a large proportion 
of air or oxygen. 

JProperties, — Powerftilly oxidizing. It oxidizes organic mat- 
ters, and the metals nilyer and mercury, at the ordinary tem- 
perature. TVli^n oxygen is converted into ozone, contraction 
of volume takes place; and when the ozone is heated to 290^, 
it is retransformed into the original volume of ordinary oxygen, 
— ^indicating that the molecule of ozone contain^ more atoms 
than the molecule of ordinary oxygen. 

In most cases of oxidation by ozone no diminution of the 
volume of gas takes place, the additional atoms previously in- 
troduced into the molecules of oxygen beong removed, and 
ordinary oxygen becoming free, But oil of turpentine absorbs 
the whole molecule of the ozone, leaving untouched the oxygen 
which was previously preseiit in the state of admixture, By 
observing the contraction during the production of the ozone 
and the diminution of volume produced by absorbing it with 
oil of turpentine, the density of ozone may be readily calcu- 
lated, and consequently its atomic constitution. 

By this means the specific gravity of ozone has been shown 
to be 24, the molecular weight being therefore 48, which is the 
weight of 8 atoms of oxygen. 

In ordinary oxygen, the molecule is composed of two atoms 
of oxygen, and is represented by 

00 weighing 32. 

In ozone the molecule pontains 3 atoms of oxygen, and is re- 
presented by 

O — O weighing 48. 

V 
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WATEB, Hydric Oxide, 

H— 0— H OH,. 

Molecular weight «18. Molecular volwne 1 I L 1 Hire of 
voateT'Vapour weighs 9 orithsr Fuses at 0°. Boils at 100^. 

Occurrence, — ^Most abundantly in nature. 

Formation. — 1. By the direct union o^ hydrogen and oxygen, 
as above. 

2. As a secondary product in numberless chemical reactions, 
as, for instance, in the action of hydrochloric acid on potassic 
hydrate : — 

OKH + HCl « OH, + KCL 

Potosaic hydratd. Hydrochlorio add. Water. Potassic chloride. 

Beactions, — 1. By its action many metallic oxides are con- 
verted into hydrates : — 

OK, + OH, = 20KH. 

Potassic oxide. Water. Potassic hjdrate. 

BaO + OH, = BaHo,. 

Baric oxide« Water. Baric hydrate. 

2. It transforms anhydrides into acids :— 

N,0, + OH, = 2NO,Ho. 

Nitric anhydride. Water. Nitric acid. 

SO3 + OH, = SO,Ho,. 

Sulphuric anhydride. Water. Sulphuric add. 

P,0. + 30H, = 2POHO3. 

Phosphoric anhydride. Water. Phosphoric add. 

3. It also unites molecularly with many compounds as 
water of crystallization (see Chapter V.), as in the following 
instances : — 

BaCl,, 20H, Baric chloride. 

SO,Nao,, lOOH, Sodic sulphate. 

S,03Ko,('Al"',OJ^'240H,... Alum. 
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H7DB0ZTL, Hydric JBeroxide, 



H— 0- 



-O^H 



H,0, or (HO), or Ho, or | qh • 

Probable molecular weight = 34. 

^Preparation, — Bj passing a current of carbonic anhydride 
through water in which baric peroxide is suspended : — 

jgBa" + CO, + OH, = OOBao" + {gg. 

Banc peroxide. Carbonio anhydride. Water. Bario carbonate. Hjdroxyl 

Beactiont, — 1. By heat it is decgmposed into water and 
oxygen :— 

2(oH - 20H, + 0,. 

HjdrorjrL Water. Oxygen. 

2. Hydroxyl is transformed into water by the action of nas- 
cent hydrogen : if hydroxyl be introduced into an apparatus 
generating hydrogen, the gas ceases to be evolved ; — 

SO,Ho, -h Zn +{§5 « SO,Zno" + 20H,. 

Snlphnrio acid. Hydroxyl. Zincic sulphate. Water. 

8. Hydroxyl liberates iodine from potassic iodide : — 
2KI + {gg = 20KH + I,. 

Potassic iodide. Hydroxyl. Potassic hydrate. Iodine. 

4. Hydroxyl is a powerful oxidizing agent ; it converts, for 
instance, plumbic sulphide into plumbic sulphate : — 

PbS" + 4|gg =. SO,Pbo" + 40H,. 

Plumbic sulphide. Hydroxyl. Plumbic sulphate. Water. 
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COMFOUNJDS OF CBLOBINJS WITH OXYGEN 

AND RTBEOXIL. 

Oxygen forms many compounds with cUorine and with 
chlorine and hydroxyl ; but none of them can be produced by 
direct combination. The following list containfl all that are 
known : — 

^STdriS" } ^^ • Cl-O-Cl 

CUoricorlde?... |q§}. CI— 0—0— CI 

Chlorous anhy- J q . CI— 0—0 — 0— CI 

dride ^qqi 

CUoric perojide ] g- ci-0-0— O— 0--C1 

loci 



Chloric hyper^ 
oxide? 



OCl 
O 

-^o • 

O 
OCl 



CI— O—O— 0—0— 0—0— CI 



Hypochlorous acid, OCIH, or ClHo. H— O— O 

Chlorous acid. . .OClHo, or { g^ " H-O-O-Cl 



CUoricacid... j Qg^. or - 



OCl 

O . H— 0— O— 0— CI 

OH 



roci [^^ 

Perchloric acid J O , or -^ 9 • H— 0—0— 0—0— CI 
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HTPOCHLOBOnS ANHTDSIDK 

OCl,. 
Molecular weight =87. Molecular volume I I I . 1 litre of 
hypochlorout anhydride vapour weight 43*5 criths. Boils at 
about 20°. 

Frq)aration. — B7 paesing chlorine over mercuric oxide at a 
low temperature t-^ 



2HgO + 2C1, 



fHgCl 
O + OCl,. 

HgCI 



Mercorio Mercuric Hypochloroas 

oxide. oiychloride. anhydride. 



CHLOROUS ANHTDRIDE. 

OCl 

o . 

OCl 

Molecular weight =119. Molecular volume anomaions MM * 
1 litre weigha 39*7 criths* 

Preparation. — By gently heating in a water-bath a rnkture 
of potassic chlorate, nitric acid, and arsenious acid. Pour dif 
ferent reactions are to be distinguished in this operation? — 

1- {oKo + WO,Ho - {gg^ + NO,Koi 

Potassio chlorate. Kitrioacid. Chloric acid. Potasaic nitrate. 

2. AsHog + NO,Ho « NOHo + AaOHo^; 

Arsenions add. Nitric acid. Nitrona acid. Arsenic acid. 

3. |ggj^ + NOHo = OClHo + NO^o; 

Chloric acid. Kitront acid. OhloroQi acid. Nitric aoM. 



4. 2OCIH0 = ' 



fOCl 
+ OH,. 

.OCl 

Chlorous acid. Chlorous anhydride. Water. 
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CHLOBIC FEBOXIDK 

fOCl 

o 

Molecular weight =135. Boils at 20°. 

Preparation, — "By the action of sulpburic acid on potassic 
chlorate : — 

8 {g2^+2SO,Ho,= \ +2SO,HoKo+OH,+ ] § • 

PotaBiio Solphnrio Fotaasio Hydriopotasaic Water. Chloric 

chlorate. acid. perchlorate. sulphate. peroxide* 



HTPOCHLOfiOUS ACID. 

OCIH, or ClHo. 

Molecular weight =52*5. 

Preparation, — 1. By the action of water on hypochlorous 
anhydride :— 

OCl, + OH, = 2ClHo. 

HjTpoohloroiis anhydride. Water. Hy{K)ohloroiu aoid. 

2. 3j the action of cUorine upon mercuric oxide in the pre- 
sence of water : — 

fHgCl 
2HgO + OH, + 2CL =«= -^0 + 2ClHo. 

[HgCI. 

If ercvrio oxide. Water. Chlorine. Mercuric Hypochlorous 

oryohloride. acid. 

Reactions, — 1. By the action of hydrochloric acid, chlorine 
is evolved from hoth the hydrochloric acid and hypochlorous 
acid : — 

ClHo + HCl =3. CI, + OH,. 

Hypoc^oi^ouB acid. Hydrochloric acid. Chlorine. Water. 



Argentio Hypoohloroiu Aiveiitio Water. 

chloride. 



ACIDS OF CHLORINE. 49 

2. By the action of argentic oxide, oxygen is evolved from 
both compounds : — 

OAg, + 2ClHo « 2AgCl + OH^ + 0,. 

rgentic Hypochloi 

oxide. acid. 

3k By the action of hypochlorons acid, metallic oxides or hy- 
drates are converted into hypochlorites : — 

OKH + ClHo « ClKo + OH,. 

Fotasno hydrate. Hypoohloroiu Potanic Water. 

acid. hypochlorite. 

It wai3 formerly supposed that hypochlorites, together with 
chlorides, were formed when chlorine acted upon certain me- 
tallic oxides and hydrates : — 

2C1, + 2CaHo, == CaCl, + Cao"Cl, + 20H,. 

Caldo hydrate. Calcic chloride. Calcic hypochlorite. Water. 

But the so-called chloride of lime or bleaching-powder does 
not contain calcic chloride, and the true reaction appears to be 

OaHo, -f- CI, « Ca(OCl)Cl + OH,. 

Calcic hydrate. Bleaching-powder*. Water. 

By the action of acids this compound yields free chlorine : — 
Ca(OCl)Cl + SO,Ho, =- SO,Cao" + OH, + CI,. 

Bleaching powder. Solphurio add. Calcic sulphate. Water. 



CHLOROUS ACIl). 

OClHo or I §§^ . 

Molecular weigJit ss68'5. 

Preparation, — By the attion of water upon chlorous anhy- 
dride : — 

OCl ^"°' 

Chlorous anhydride* Water. Chlorous acid. 

# Cl-Ca— O-Cl. 
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CHLOBIG ACID. 

Molendar vmght =84'5. 

Preparation. — By tie action of dilute siilphuric acid upon 
baric chlorate :■=— ' 

''OCl 
O 



< 



Bao" + SO,Ho, = 2|g§^ + SO.Bao". 
^OCl 

Baric ch^orat^. Sdphario acid. Chloric acid. Bario solphatie. 

Decomposition. — "Bj boiling, it is decomposed into perchloric 
acid, water, chlorine, and oxygen : — 

fOPl fOci 

3(oSo = {gjj^ + 0^» + CI, + 20, 

C9ilorio add. Perchloric add. Water. 

Preparation of Chlorates. — 1. Potassic' chlorate may be pre- 
pared by the action of chlorine upon a concentrated solution 
of potassic hydrate : — 

60KH + 3C1, = 5KC1 + Jq^^ + 30H,. 

Fotassio Chlorine. Potassic Potassic Water, 

hydrate. cUoride. chlorate. 

2. Calcic chlorate is made by passing chlorine through boil- 
ing milk of lime : — 

roci 
|o 

6CaHo, + 6CI2 = ^ Cao" + 5CaCl, + GOH,. 

O 
t.OCl 

Caldo hydrate. Calcic chlorate. Caldc chloride. Water. 

By the addition of potassic chloride to the calcic chlorate, 
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potaseic chlorate is formed ; the latter is then separated from 
the calcic chloride by crystallization : — 



^OCl 
O 



^Cao" + 2KC1 = 2{gg^ + CaCl, 



,^OCl 

Calcic 
chlorate. 



Fotamio 
chloride. 



FotaBsic 
chlorate. 



Calcic 
chloride. 



PEBCHLOBIC ACID. 



OCl 

O or •? 

OHo 



Molecular weight =100.'5. 



roci 

O 

o • 

tOH 



Preparation, — Potassic perchlorate is distilled with about 
three times its weight of sulphuric acid : — 



fOCl 
2^0 4- SO2H62 =: 

[OKo 



fOCl 

O + SOaKOa. 

OHo 



IPotasuo perchlorate. Sulphuric ftcid. Perchloric add, Fotasaic stdphate. 

• - • 

The impure perchloric acid is then carefully rectified, when 
pure perchloric acid passes over as an oily liquid towards the 
end of the operation. 

It forms with water a white crystalline hydrate. 

JPreparation of Potassic Perchlorate. — 1. Potassic chlorate 
is heated gradually, and the process arrested when one-tbird of 
the oxygen present has been evolved ; the residue then contains 
potassic chloride and perchlorate : — 

2i2S^_ = KCl + 



O 

OKo 

Fotaamo chlorate. Potasrio chloride. Potassic perchlorate. 



\OKo 



+ 0,. 



x2 
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By crystaUization the two salts are separatecL 

2. When potassic chlorate is gradually introduced into boiling 

nitric acid, chlorine and oxygen are evolved, potassic nitrate 

and perchlorate being formed : — 

r ^^1 f OCl 

3 j X^ +2NO,Ho=2NO,E:o+OH,+ \ O +Cl,4-20,. 
I ^^^ [ OKo 

Potaido Nitric acid. Potaasic nitrate. Water. Fotaaaio 

dilorate. perchlorate. 

These salts are then separated by crystallization. 



• 



CHAPTER X. 

TBIAD BLEMENTS. 

Section I. 

BOBON, B,. 

Atomic weight =11. Probable molecular weight =22. Sp.gr,^ 
diamond variety, 2*68. Atomicity '". Evidence of ato^ 
micity :— 

Boric chloride B^'Clj. 

Boric fluoride B"%. 

Boric ethide B"'jEt3. 

Occurrence, — ^Found only in combination with oxygen. 
Preparation :i— 

a. AmorpJious horon.^^l* By igniting boric anhydride with 
sodium : — 

B,0, + 3Na^, = 30Na, + B,. 

Borio anhydride* Bodiom, Sodic oxide. 
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« 

2. By passing boric chloride over heated potassium : — 
2BC1, + 3K, = 6KC1 + B. 

Boric chloride. Potaisio chloride. 

/3. Diamond horon. — By fusing boric anhydride with alumi- 
nium:— 

A\ + Bfi, -= 'A1"',0, + B,. 

Bono ftnhjdride. Aluminio oxide. 

Meactions.--^ 

a. Amorphous loron, — 1. Decomposes hot sulphuric acid : — 

B, + 380^0, « Bfi, + 30H, + 3S0,. 

Sulphuric acid. Boric anhydride. Water. Sulphurous aobydride. 

2. Decomposes nitric acid : — 

Ba + eNO^Ho = 2BH03 + 3ir^aO,. 

I^itric acid. Boric acid. Nitric peroxide. 

3. Decomposes alkaline carbonates, sulphates, and nitrates: — 

B, + 3CONao, = 2'B^slo, + 3C"0. 

Sodic carbonate. Trisodio borate. Carbonic oxide, 

B, + 3SO,Ko, = 2BKo, + 3S0,. 

Potassic sulphate. Tripotassic borate. Sulphurous anhydride. 

B. + 6NO,K:o = 2BKo, + SW^.O,. 

Potassic nitrate. Tripotassic borate. ICitric peroxide. 

4. Boron is one of the yery few elements which unite directly 
with nitrogen : — 

B, + N, = 2B"'N"'. 

Boric nitride. 

/J. Diamond horon, — ^^1. When fused with hydric potassic sul- 
phate, boric anhydride is formed : — 



6SO,HoKo + B^ =: B,03 + 3SO,Ko, + 30H, + 3S0,. 

Boric Potassic sol- Water. Sulphurov 

anhydride. phate. anhydride. 



Sydrio potassio Boric Potassic sol- Water. Sulphcirquf 

sulpnate. 



No compound of boron with hydrogen has been obtained ; 
but the chloride, bromide, and fluoride are known. 
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BOBIC CHLOBIDE. 

BCI3. 

Molecular weight Bell7'5 Molecular volume 111 . 1 litre 
of boric chloride vapour weighs 68*75 crithi, Sp, gr, 1'35 
at T. Boils at 17°. 

• 

Preparation. — ^By passing chlorine over a mixture of boric 
anhydride and charcoal heated to redness : — 

.3,0, + 3C1, 4- C3 = 2BC1, + SCO. 

' Borio anhydride. Bono chloride. Oarbonio oxide. 

JReaction.^-la contact with water it forma hydrochloric and 
boric acids: — 

BCI3 + 30H, = 3HC1 + BHo,. 

Borioohloride^ Water. Qjdroohlorio a«id. Boric acid. 



BOBIC BBOMIDE. 

BBr,. 

Molecular weight S3251. Molecular volume QZ1« 1 ^*^^^ ^ 
horie bromide vapour weighs 125*5 crithe, 8p,gr. 0/ liquid 
=2-69, JBoih at 90°. 

Prepared and decomposed in exactly the same way as the 
chloride. 



BOBIC FLTJOBIDE. 

BF3. 

Molecular weight =68. Molecular volume m * 1 litre weighs 
34 criths, 

Preparation. — 1. By strongly heating boric anhydride with 
calcic fluoride : — 

2B,03 + 30aE, = B,Cao"3 + 2BP3. 

Boric anhydride. Caldo fluoride, Caldo borate* Borioflacridiit 



COMPOUNDS OF BORON. 66 

2. By heating together boric anhydride with calcic fluoride 
and sulphuric acid : — 

B,03 + 3CaE, + 3SO,Ho, = 3SOHo,Cao" + 2BF3. 

Borio Calcio Bulphorio Dili jdrio calcio Boric lla(>< 

anhydride. fluoride* acid. sulphate*. ride. 

Meaction. — ^By contact with water boric fluoride forms a 
peculiar acid, the hydrofluoboric acid, the constitution of which 
is not well understood : — 

4BF3 + 30H, = 3(Br3,JIF) + BH03. 

Bono fluoride. Water. Hydrofluoborio acid. Boric acid. 

This acid acts upon metallic hydrates, forming salts : — 
BF3,HF + OKH = BF3,XF + OH,. 

Hydrofluoborio Fotaano Fotflasio Water, 

add. hydrate. borofluoride. 

Possibly the boron in these compounds is pentadic; thus 
B'HF, and B^KF,. 



COMPOUNDS OF BOBON WITH OXYGEN AND 

JELTDBOXYL. 



Boric anhydride B^O,. 

Monobasic boric acid 

Metaboric acid 

Tribasic boric acid . . . 
Boric acid 



1 BOHo. 

1 BH03. 



BOBIC ANEYDBIDE, Boracic anhyd/ride. 



B,03. 
Molecular weight =^10. Sjp.gr. V%^. 

Breparation. — ^By fusing boric acid at a red heat :■ 
2BH03 = B,03 + 30H,. 

Boric acid. Boric anhydride. Water. 

* See sulphuric acid. Chap. XXXI. p.- 83. 
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BORIC ACID| Baracie Acid, Orthohoric Acid, 

BHo,. 

Molecular weight =62. 8p, gr, 1*479, 

Occvrrence. — Contained in the steam which escapes from the 
9uffioni in some parts of Tuscany. 

Preparation, — By the addition of hydrochloric acid to a hot 
saturated solution of borax, when the acid crystallizes out on 
cooling : — 

B,0,NaO, + 2HC1 + 60H, = 4BHo, + 2NaCL 

Borax. Hydrochloric Water. Bono Sodio 

add. add. chloride. 

Beactions, — 1. At the temperature of 100® it loses water, 
being conyerted into metaboric acid : — 



:o, = BOHo + OH,. 

Boric add. Metaboric add. Water. 

2. By the action of metallic hydrates, oxides, or carbonates^ 
borates are formed. 

The mineral tincal centers borax, an abnormal sodic borate, 
B.O^NaOa, lOOH^. 

m—O—^ 1^-0— B ^-0— Na. 

A trimagnedc octolorate is known as the mineral horacite : — 

0-Mg-O 
0— B B— O— B — 0— B— O—B B— 



Mg . Mg 

i A 

II II 

o 
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BOBIC SULFHIDI!. 

Molecular weight =118. 

Preparation, — By passing carbonic disulphide over a mixture 
of carbon and boric anhydride heated to bright redness : — 

2B,0, + 3CS", + 30 = 2B,S"3 + 60"0. 

Bono Carbonic Borio Carbooio 

anhydride. disulphide. tolphide. oxide. 

, Iteaction, — Boric sulphide is readily decomposed by water, 
giving sulphuretted hydrogen and boric acid ; — 

B,S', + 60H, « 3SH, + 2BH03. 

Borio Water. Snlphnretted Boric 

pulphide, hydrogen. add. 



BORIC NITRIDE. 

BN'". 

Molecular weight =25. 

Preparation. — 1. By heating boron in nitrogen (see p. 63), 
2. By heating together borax and ammonic chloride : — 

B,0,Nao, + 4NH,C1 = 4BN'" + 2NaCl 

Borax. Ammonio chloride. Boric nitride. Sodic chloride, 

+ 70H, + 2HC1. 

Water. Hydrochloric add. 

Beaction. — ^Wben fused with potassic hydrate, boric nitride 
yields tripotassic borate and ammonia : — 

BN"' + 30KH = BKo, + NH,. 

Boric Potassic Tripotaado Ammonia, 

nitride. hydrate. borate. 
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CHAPTER XI. 

TETBAD ELEMENTS. 

Section I. 
CABBOir» c. 

Aiamid weight =sl2. Atomicity " and ^. Evidence qf dtomi- 
city : — 

Carbonic oxide C"0. 

Carbonic tetrachloride... C**C1^. 

Marsh-gaa O'H^. 

Chloroform C*'HC1,. 

Oocwrrence. — In large quantities in nature, but chiefly in 
combination. 

Three varieties of carbon are known :— 

a. Amorphous carbon. 

Occurrence, — ^In small quantities in nature as mineral 
charcoal. 

Preparation. — 1. By the action of heat on animal and vege- 
table matters, without access of air. 

2. By the action of potassium at a high temperature on 
carbonic anhydride. 

Beaetion, — By treatment with a mixture of potassic chlorate 
and fuming nitric acid, it is converted into brown compounds 
soluble in water. 

/3. Oraphite, 

Occurrence, — ^As the mineral called plumbago. 

Freparation, — 1. By the action of intense heat on the 
diamond. 

2. By dissolving charcoal in melted cast iron, and subsequent 
cooling, when the graphite separates in the crystalline state. 

3. By heating the various forms of amorphous carbon in the 
electric arc. 

Beaetion. — By prolonged digestion with a mixture of nitric 
acid and p^^tft-ssic chlorate it is coftverted into graphic acid, a 
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brown crystalline body insoluble in water. Graphic acid, 
when heated in the dry state, swells up suddenly, being 
changed into pyrographitto oxide, which is dissolyed by the 
mixture of potassic chlorate and nitric acid. 

7. Diamond, 

Occurrence. — In small quantities in nature. Has not yet 
been obtained artificially. ' 

Beaction, — Is not afiected by a mixture of potassic chlorate 
and nitric acid. 
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CAKBONIC AKHTDBIDK 

CO,. 

Molecular weight s=4i4. Molecular volume t I I . 1 litre 
weighs 22 criths. Fuses at -*57^. ^oils telow its melttng" 
point. 
Occurrence. — In the atmosphere, and dissolved in water. 
Formation. — By the combustion of carbon and of carbona^ 
oeous substances in air or oxygen. In respiration, decay, putre- 
faction, and fermentation. During the formation of coaI# 
Evolved from volcanoes. 
Preparation. — 1. By burning carbon in air or oxygen : — 



C + 0, = CO,. 




Carbonio 
anhydride. 




2. By the action of acids upon met/allic carbonates 


• 


OOKo, + SO,Ho, = CO, + OH, + 


SOjKo,. 


Fotaasio Snlphurio acid. Carbonio Water. 
owboBate. anhydride. 


Potasaio 
Bnlphate. 


COKoHo + NO,Ho « CO, + OH, + 


NO,Ko. 


Hydrio potoano Nitrioaoid. Carbonio Water, 
carbonate. anhydride. 


Potasaio 

nitrate. 


OOCao" + 2HC1 = CO, + OH, + 


CaCl,. 


Caldo - Hydrochloric Carbonio Water, 
carbonate. aoid. anhydri4e, 


Calcic 
chloride. 
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MeaelioM, — 1. Carbonic anhydride is decomposed by heated 
potassium : — 

3C0, + 2K, = 2COKO3 + C. 

Carbonic anhydride.- Fotaasic oarbonate. 

2. It acts upon metallic hydrates, forming carbonates : — 
CO, + 2KHp = COKo, + OH,. 

Carbonio anhydride. Fotaasio hydrate. Potaasio carbonate. Water. 

« 

CO, + CaHo, = COCao" + OH,. 

Carbonic Calac Calcic Water, 

anhydride. hydrate. carbonate.. 

Carbonic acid, COHo,, is not known. 

CABBONIC OXIDE. 

CO. 

Molecular weight =28. Molecular volume I 1 I . 1 litre 
weighs 14 criths. 

Formation, — In the combustion of carbon or carbonaceous 
matter with a limited supply of air. In the destructive dis- 
tillation of many organic substances containing oxygen. 

Preparation* — 1. By passing carbonic anhydride over red-hot 

charcoal: — 

CO, + C = 2C0. 

Carbonic anhydride. Carbonic oxide. 

2. By passing carbonic anhydride over red-hot iron : — 

4C0, + ^63 = \Te;fO^ Jf 4C0. 

Carbonic anhydride. Triferric tetrozide. Carbonic oxide. 

3. By heating iron or carbon with a carbonate : — 

COCao" + C = CaO + 2C0. 

Caldc oarbonate. Lime. Carbonic oxide. 

4. By heating oxalic acid with sulphuric acid (by which water 
is removed from the former), and then separating the carbonic 
anhydride by washing with sodic hydrate : — 



fCOHo 
COHo 


= OH, 


+ CO + CO,. 


Oxalic add. 


Water. 


Carbonic Carbonic 
oride, anhydridew 
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5. By heating formic acid or a formate with sulphuric acid : — 
{?OHo = OH, + CO. 

Formic acid. Water. Carbonic oxide. 

6/ By heating potassic ferrocyanide with sulphuric acid:— 
Ee"C,NeK, -h eOH, + 6SO,Ho, == 6C0 

■ Potasiie ferrocTanide. ' Water. ' Sulphuric acid. Carbonic oxide. 

+ 2SO,Ko, + SO,Feo" + 3S0,(NTI,0),. 

Potassic sulphate. Ferrous sulphate. Ammonio sulphate. 

. Reactums, — 1. It bums in air and oxygen, producing car- 
bonic anhydride v — 



CO + 


= CO,. 


Carbonic 
oxide. 


Carbonic 
anhydride< 



2. Carbonic oxide and chlorine unite under the influence of 
light (p. 30), forming carbonic oxydichloride or phosgene gasi 
OOG\. 

The compounds of carbon with chlorine, nitrogen, and hy- 
drogen will be studied in connexion with organic compounds. 



CHAPTER XII. 

PENTAD ELEMENTS.. . 

Section I. 
■ NITEOGEN, Azote, N,. 

Atomic weight ==14. Molecular weigJit =^28, Mblecular volume 
I 1 L 1 litre weighs 14 criths. Atomicity % which, hg 
the mutual saturation of pairs of bonds, becomes reduced to 
'" or to ' (see p. 20). Evidence of atomicity : — 

Nitrous oxide ON^. 

Ammonia N"'H3. 

Ammonic chloride N'H^Cl. 
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Ocewrrenee. — In the free state in the atmosphere. In some 
nebulas P In combination, in animal and vegetable bodies. 

Preparation.— h By burning phosphorus in air, whereby 
the oxygen is removed from the latter. 

2. By passing air over ignited copper, when the oxygen 
imites with the copper, 

3. By heating ammonic nitrite, or a mixture of ammonie 
chloride with potassic or sodic nitrite : — 

N"'0(N'H,0) = N, + 20H,. 

Ammonio nitrite. Water. 

NH.Cl + NONao = NaCl + N, + 20^. 

Amnionic chloride. Sodic nitrite. Sodio chloride. Water. 

4. By passing chlorine through an excess of solution of 
ammonia : — 

8NH3 + 3C1, = 6NH,C1 + N,. 

Ammonia. Ammonic chloride. 



COMPOUNDS OF NITROGEN WITH OXYGEN 

AND HTDBOXTL. 

Nitrous oxide ON,. N—O— N 

O O 

II II 

N— N 



Nitric oxide* I NO' Jl^ -''- 



NO 

Nitrous anhydride *{ . || | 

NO N— 0— N 



* This compound is anomalous ; for its molecule, deduced from the spe- 
cific grayity, is represented bj NO. The dissociation which in the 

case of I jJq^ is very imperfect at 0° C, but almost complete at 100° C, 

is probably nearly complete in the case of N^Oji at the lowest temperature to 
which this gas has hitherto been exposed. 



NITRIC ACID. 
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Nitric peroxide •! mq'- 

Nitric anhydride < O . 

Ino, 

Nitrous acid NOHo. 

Nitric acid NO^Ho. 



I 



0=N=0 


O 

1 



0=N= 

O 

I 
N— 0- 



O 



O 



0=N— 0— H 

O 

If 

N— O— H 



O 



miBlC ACID, Aquafortis. 

NO,Ho. 

Molecular weight =63. Molecular volume I I I . 1 litre of 
nitric acid vapour weiffht 31 '5 critht. Futet at — 50°. 
BoiU at 84°-5. 

Production. — 1. By the slo'w oxidation of nitrogenized orga- 
nic matter in the presence of powerful bases. 

2. By the passage of electric sparks through moist air. 

Mtttmfactwre. — ^By distilling potassic nitrate (nitre) or sodic 
nitrate (cubic nitre) with concentrated sulphiiric acid : — 

NO^o + SO,Ho, = SOJEoKo + NO,Ho. 



Potassio 
nitarate. 



Bnlphimo 
add. 



Hydrio potaano 
Bulpnate. 



Kitrio aoid. 



By employing two molecules of potassic nitrate and one of 
sulphuric acid a saving of sulphuric acid is effected, but a 
higher temperature is required, which destroys some of the 
nitric acid. The reaction takes place in two stages : — 

1. 2NOaKo + SO,Ho, = SO^HoKo 

FotasBio nitrate. 

+ NO,Ko + NO,Ho. 



Snlphnrio acid. Hydrio potassic snlpliate. 



Potassio nitrate. 



Nitric acid. 
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NITRIC ANHYDRIDE. 



2. SO^HoKo + NO,Ko = SO.Ko, + NOaHo. 

Hydrio potoisio golphAte. Fofcaasio nitrate. Fotassio nilphate. Nitric add. 

Deeatnpositions. — 1. Tlie decomposition which the nitric 
acid undergoes by heat is expressed in the following equa- 
tion : — 

4NO,Ho « 2OH3 + 2'»P%0, + 0,. 

Nitric add. Water. Nitric peroxide. Ozjgen. 

2. By the action of metallic oxides or hydrates, nitric acid 
produces nitrates : — 

OKH + NO,Ho = NO,Ko + QH,. 



Fotaido hydrate. Nitric add. 

PbO + 2NO,Ho 



Potaakic nitrate. 



Wilier. 



Plumbic oxide. 



•^Pbo" + OH,. 
I NO, 



ITitrio Mid. f lainbio nitnte. 



Water. 



KITBIC ANHTDBtDE. 

Probable molecular weiglit =108. Probable molecular volume 
m . Fuses at 29°-5. Boils at 45°. 

Preparation. — By passing dry chlorine over argentic ni- 
trate: — 



4NO,A.go + 2C]^ 

Argentic nitrate. 



4AgCl + 2N,0. + 0,. 

Arffentio Nitric 

ohforide. anhydride. 



Beaction. — By the action of water it forms nitric acid : — 

+ 



Nitric anhydride. 



OH, = 

Water. 



2NO,Ho. 

Nitric add. 
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NITBOUS ANH7DSIDE. 

Probable molecuhr weight ss76. Frobdble molecular voltme 

CD. 

JPreparafion. — !• By heating together nitric acid and starch. 

2. By gently heating nitric acid with arsenious anhydride:— 

Aji,0. + 2NO,Ho = AMfi, + N,0, + OH,. 

Aneniona S'itrio add. Arsenio Nitrous Water, 

a&hjdride. anhydride. anhydride. 

3. By the action of nitric acid on silver : — 

6NO,Ho + 2Ag, = 4NO,Ago + N.O, + 30H,. 

Nitric acid. Argentic nitrate. Nitrons anhydride. Water. 

NITBOUS ACID. 

NOHo. 
Jioleeular weight ^47. 

" Preparation. — By mixing liquefied nitrous anhydride with a 
small quantity of water : — 

N,0. + OH, « 2NOHo. 

Decompositions. — 1. In the presence of much water, nitric 
iadd and nitric oxide are formed :— 

8NOH0 = NO,Ho + W.O, + OH,. 

ITitrons acid. Nitric acid. Nitric oxide. Water. 

2. Nitrous acid acts as a reducing agent under some circum- 
stances : — s,^ 

2NOH0 + 0, >= 2NO,H6> 

Nitrons add. Nitric add. 

and as an oxidizing agent under others : — 

4NOHo = 2'N",0, + 20H, + 0,. 

ITitroiu add. Nitric oxide. Water. Oxygen. 

8. By the action of metallic oxides or hydrates, nitrous acid 
forms nitrites:—. 

OKH + NOHo «- NOKo + OH,. 

Potassio hydrate. Ifitronsadd. Potassic nitritOi Water. 

r 
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NITBOIJS OXIDE, Lauglmg Gas. 

Molecidar tveight =44. Molecular volume rn » 1 ^^f**^ weighs 
22 criths. Fuses at -101°. Boils at —88^ 

Freparation. — 1. By the action of dilute nitric acid on zinc : — 

fNO, 
lONO^Io + Zn, = ON, + 4-^Zno^' + SOS,. 

I NO, 

iritrio aoid. 2fitifoaB Otide. Zineia aitnte. W«te«i 

2. By heating amnionic nitrate :— 

NO,(N^H,0) =. 20H, + ON,. 

AmmoDio nitrate. Water. Nitrons oxide. 



NITSIC OZEDS. 

Molecular weight =60. Molecular volume anomalous 14-1* 
1 Utre weighs 15 criths. 

Preparation.'^Bj the action of nitrici acid upon me^ciuy or 
Copper : — 

3Cu + 8NO,Ho « 3^Cuo^' + 'ITA + 40H,. 

I NO, 

Nitric acid. Cnpric hitrate. KitrtcMidd. WftUr. 

Beaction. — ^Unites directly with oxygen: — 

2W,0, + 0, = 2N"',0,: 

Nitric oxide. NitrooB aahyi^de. 

'N",0. I- O SB tP'fiv 

itno oad Nitric peroxide. 



I 
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NITBIC PEBOXIDE. 

Molecular weight b92. Molecular volume i i \ to \-\\ 1 litre 
weighs 23 to 46 criths, 

Preparation. — 1. By the union of nitric oxide with oxygen 
(see above). 
2. By the action of nitric acid upon tin :— 

Sn, + 20NO^o « Sn^p,Ho,o + ^OH, + lOTNT^O,. 

Kitrioadd. Metasteanio aoid. Water. Nitric peroxide. 

Decompo9iiion.~^3y the action of metallic hydrates and 
oxides it produces nitrites and nitrates : — 

TSr^O^ + 20KH « NO,Ko + NOKo + OH,. 

Vitrio Potaano Potaaaio Potaa^io Water 

peroxide. hydrate. nitrate. nitrite. 



coMPOvinys coNTAmmsro njtbooek, oslo^ 

BUTE, AND OXYQUN. 

KUBOVS OZTCELOSn)E» CUmmitrous Oae. 

NOCl. 

Moheular weifhi n65*5. JUbleeulai^ ffoUme [Xl* ^ ^^ 
weighs 32*75 criths. Soils at 0^ 

A mixture of nitric and hydrochloric acids possesses the 
property of dissolving gold, and is therefore called aqua regia ; 
when heated it evolves chlorine and nitrous oxychloride : — 

CI,. 



NO^So 


+ 8Ha - NOCl + 


20H, + 


Kitricaoid* 


Hydroohlorio Kitrons 
aoid. ozyohloride. 


Water. 

I2 
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HITBIC DI0Z7-IEISA.CHL0BIDE, OhhronUrio Gas. 

Freparedy together with nitrous oxychloride, by heating a 
mixture of nitric and hydrochloric acids : — 

2NO,Ho + 6HC1 = W%0,C1, + 40H, + CI,. 

XTitrioftoid. Hydroohlorio add. CUlorQiiitrio gas. Water. 

NUBIC DIOZTCHLOBIDE, ChhropemUrie Ooi. 

NO.Cl. 

RfeparaHon. — ^By mixing phosphoric oxytrichloride and 
plumbic nitrate :— * 

S^Pbo^' + 2PC1,0 « PAI^bo", + 6»0,C1- 

PluabiQ nitrate* Phonlunrid Triplnmbio ^ Vitrio 

OQQrtriouloriide. diphoqphate. dxaxfi^onde* 



coMPomma o:e2nTBoaEN wits etdboges-. 

NH3. 

Molecular weight = 17. . Molecular volume rTl * 1 litre weighs 
8-5 crUhs. Fuses at —75°. Boils at -38°*5. 

Occurrence, — ^In the atmosphere in very minute quantities. 

JB'ormation,'--'Ej the decay of animal and vegetable matters 
containing nitrogen. 

Manufacture, — By the destructive distillation of animal 
matter, as horn or bones, and of vegetable matter, as coal. 

Preparation, — By heating a mixture of lime and ammonic 
chloride (sal-anmioniac) : — 

2NH,C1 + CaO = CiCI, + 2NH, + OH,. 

Ammonio Idme. Caleio Att^mAiiiii- Water, 

chloride. chloride^ 



AMMONIC AMALOAM. 
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Reactions. — 1. Decomposed ty chlorine (see p. 62). 
2. Unites directly with acids, forming the ammonium salts in 
which the atomicity of nitrogen is ^ :— 

ir"H, + HCl = JTH.Cl. 

H jdroohlorio aeid. Anunonio chloride *. 

N"'H, + iro^o = irO,(N'H.O). 



Nitric add. 



^T^mnni^ Ilitnte f. 



2N"'H, + SO,Ho, = SO,(N'H.O),. 

Snlphmrio acid. Anaonio ralphata J. 



AJOCONIXnC. 

lira:; 

This monad radical has never been obtained in the free state, 
but its compounds are perfectly analogous, in crystalline form 
and other properties, to those of potassium. These facts 
haye induced some chemists to consider the group NH^ as a 
metal, to which they have given the name ammonium-^an hypo- 
thesis which is considered to receive support from the production 
of an unstable amalgam of this radical. All the compounds of 
mercury with metals are found to possess metallic lustre ; and 
this is also the case with the amalgam of ammonium. It may 
be prepared by two different processes. 

1. If a solution of ammonic chloride be electrolyzed, the 
negative electrode being mercury and the positive a platinum 
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plate, tHe mercurj is observed to swell up, owing to tbe forma- 
tion of a spongy metallic mass. 

2. By preparing an amalgam of potassium or of sodium, and 
pouring it into a slightly warmed solution of ammonic chloride, 
the amalgam is found to swell enormously, potassic or sodic 
cUoride being simultaneously formed :— 

HgnNa„ + mNH.Cl « Hgn(N'HJ^ + mNaCl. 

Sodio amalgavu Ammonio chloride. Ammonio amalgam, Sodic chloride. 

Ammonic amalgam rapidly decomposes into mercury, am- 
monia, and hydrogen, the ammonia and hydrogen being liberated 
in the proportions of 2NH, to H, : — 

2Hg„(]Sr*H,)„ = 2nHg + 2mNH3 + mH,. 

Ammonic amalgam. Mercuij. Ammonia. 

Ammonium plays the part of a compound monad radical, and 
its salts are isomorphous with those of potassium; they are 
all volatilei unless the acid from which they are deriyed be 
fixed. 



COMPOUND OF NITBOaUN WITS OHLOBINJS. 

NITBOUS CHLOSISE. 
NC1,P 

Preparation, — ^By the action of chlorine upon ammonic 
chloride : — 

TTH^a + 801, = N"'C1, + 4HC1. 

Ammonic chloride. Nitroas chloride. Hydrochloric acid. 

The formula of this compound is not fixed with certainty; it 
may contain hydrogen, and it is possible that the two compounds 
intermediate between ammonia and nitrous chloride may exist: — 

NHa, NH,C1, NHCL,, NCI3. 
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OOMFOUmt 0^ NITBOaHN WITS JODJOm AND 

STDBOQEN. 

NITBOUS HTDBODINIODISE. 

J*reparaiio^,'^3j the action of ammonia on iodine a brown 
substance is obtained, which has the composition IfHIj. It is 
formed according to the following equation ; — 

3NH, + 21, =. NHI, + 2NH,I. 

Ammonia. Nifcrons Ammonio 

bydrodimodide. iodide. 



CHAPTER XIII. 

^EXAP ELEMENTS. 

Section I. 
SULPHUE, a,. 

Atomio weight » 32 . Molecular weight =9 64, Molecular volume 
PTI o^ lOOCP, hut only onc'third of this at its boiling' 
^oint. 1 litre of sulphur vapour weighs 32 criths, Rhom- 
boiddl vaHety fuses at 114i°*5 and boils at 44$^. Atomicity 
" ^ and '^. Evidence of atomicity : — 

Hydrosulphuric acid .,........;, S"H2. 

Triethylsulphine iodide ..„ ff^Et,!. 

Sulphuric dioxydichloride S^^O^Ola. 

Sodic nitrosulpbate 8^*0 (]SrO)aNao,. 

Occurrence, — ^Found in the free state in volcanic districts, 
and widely diffused in combination with metals and oxygen, as 
sulphides and sulphates. 

Manufactured from native sulphur, and from 

Iron pyrites PeS''^. 

Qopper pyrites (PeCu)S"a. 



fij.. 
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Character, — Sulphur is capable of existing in several allo- 
tropic forms, of which the following are the most important : — ' 

» 

Condition. SpedflogrsTity. ^^tdiatU^hidr" 

a. Octohedral 2-05 Soluble. 

/3. Prismatic 1'98 Transformed into n, 

y. Plastic 1*95 Insoluble. 

^. Powder 1-95 Insoluble. 

When united exclusively with basylous elements or radicals, 
sulphur is almost invariably a dyad ; and it is then the analogue 
of oxygen, as will be seen from the following formula : — 

Oxygen compounds ... OK^, OKH, CO^, COKoj. 
Sulphur compounds... SK^, SKH, OS",, OSKs,. 



COMPOUNDS OFSULPSUE WITH FOSITIVU 

ELUMJSNTS. 

Sulphuretted hydrogen SH,. 

Hydrosulphyl 'S'^H,, or Hs,. 

Carbonic disulphide OS",. 

SULPHUEETTED HYDROGEN, Hi/drosulphuric Acid, 

Sulphh/dric Acid, 

SH,. H— S-H. 

Molecular weiffht ^=S4i. Molecular volume fTl ' llitre weighs 
17 criths, Solid at — 85°*5. Liquid under a pressure of 
17 atmospheres at 10°. 

Occurrence. — ^Evolved with other gases from volcanoes and 
fumaroles. Found also in hepatic mineral waters,and frequently 
in waters which contain both organic matters an<|i||lphates. 

Preparation. — 1. By direct union of its elements : — 

Hg + S ^ SHj. 
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2. By the action of hydrochloric or dilute sulphuric acid on 
ferrous sulphide : — 

PcS" + 2HC1 = SH, + PcCl,. 

Ferrcnu Hjdrochlorio Stxlphoretted Ferrous 

■olphide. add. hydrogen. chloride. 

PeS" +. SOjHo, = SH, + SO,Feo". 

Ferrous Bnlphnrio Snlphnretted Ferrous 

sulphide. acid. hydrogen. snlphate. 

3. By the action of hydrochloric acid on antimonious sulphide 
with the aid of a gentle heat : — 

Sb,S"3 + 6HC1 = 3SH, + 2SbCl3. 

Antimonious Hjdrochlorio Solphoretted Antimonions 

Bolphide. acid. hydrogen. chloride. 

JBeactions, — 1. It is immediately decomposed by chlorine, 
thus :— 

SH, + C), = 2HC1 + S. , 

2. It is also rapidly decomposed by many metallic compounds 
rich in oxygen, such as ferric oxide : — 

Te";03 + 3SH, = 2PeS" + S + 30H,. 

Ferric oxide. Sulphuretted Ferrous . Water. 

hydrogen. sulphide. 

3. The sulphhy drates and sulphides of the metals are produced 
by the action of hydrosulphuric acid on the hydrates and 
oxides, thus : — 

OKH -f SH, = SKH + OF^. 

Fotassio Sulphuretted Potasmo Water, 

hydrate. hydrogen. snlphhydrate. 

BaHo, + 2SH, = BaHa, + 20H,. 

Baiio hydrate. Sulphuretted Baric Water. 

hydrogen. snlphhydrate* 

OAg + SH, = SAg, + OH^ 

Argentic Sulphuretted Argentic Water, 

oxide. hydrogen. sulphide. 

CnO + SH, = CnS" + OH,. 

Cuprio Sulphuretted Cupric Water, 

oxide. hydr(^en. sulphide. 
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HTDBOSULFHTL, Sydrio Feraulphide, 
'Sj'Hj, or Hs,. 

H-S-S— H. 
Frohable molecular weight =66. Sp, gr, 1*769. 

Preparation, — Hj pouring a solution of calcic disulphide 
into hydrochloric acid : — 



roi' 



a 



Ca" + 2H01 - '8',H, + 0»C1,. 



Oaldo disulphide. HjdrodUorio add. Hydroonlphyl* Cftloio di]0ride. 

Character.-^lt is the analogue of hydroxyl in composition 
and functions. 

HTFO-SULPHUBOUS HTDBOSULFHATE. 

SHb. 




JProhahle molecular weight =:;98. 

Freparation. — When a cold saturated solution of strychnine 
in alcohol is mixed with an alcoholic solution of yellow am- 
monic sulphide, a cryst^tUine compound is formed containing 
Oa^H^NjO,, H,S,. By the action of sulphuric acid upon this 
compound, byposulphurous hydrosulphate is liberated as a 
yellow oily body. 

CABSOiriC DISVLFHIDE, Simlphide ofOarlon. 

OS,. 

Molecular weight =76. Molecular volume rn » 1 Utre of 
carbonic disulphide vapour weighs 38 criths. Specific gravity 
of liquid 1'293. ^oih at 46'''6, 

Freparation. — 1. By passing sulphur over strongly ignited 

charcoal :— 

C + S, = C8",. 

Garbonio 
diflolphide. 
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2. By heating together charcoal and iron- or copper-py* 
rites : — 



+ 2PeS", =* CS", + 2PeS'\ 

IronpynteB. Carbonic Ferrous 

Ferric msulphide. diBulphide. sulphide. 

Decompositions. — 1. Heated potasBiom t>amB in the vapour 
of carbonic disulphide, with formation of potassic sulphide and 
liberation of cafbon : — 

OS", + 2B; = 2SK, + C. 

Carbonic disulphide. Fotassio sulphide. 

2. When brought into contact with a solution of an alkah'Tie 
bydratC; carbonic disulphide is decomposed, a carbonate and a 
Bulpho-carbonate being formed : — 

60KH + 3CS", = 2CS"Ks, + OOKo, + 80H,. 

FotaesLo CarixHiie Fotassie Potasdo Water, 

hydrate. disulphide. sulpho-oarbonate. owbonate. 

3. In contact with solutions of alkaline sulphides, carbonic 
disulphide also forms alkaline sulpho-carbonates : — 

SK, + CS", « OS"K8,. 

PotMsio sulphide. Carbonic disulphide. Fotassio sulpho-earbonate. 

4. When the vapour of carbonic disulphide is passed over 
heated calcic hydrate it is decomposed, carbonic anhydride and 
sulphuretted hydrogen being evolved : — 

CS, + 20aHo, s= 2CaO + CO, + 2SH,. 

Carbonic Calcic Calcic Carbonic Sulphuretted 

disulphide. hydrate. oxide. anhydride. hydrogen. 



SULFHCKIABIIOinC ACD). 

CS"Hs,. 

PreparaHon.~-'Bj the action of hydrochloric acid on amnionic 
Bulpho-corbonate : — 

OS"Cira,S), + 2HC1 = CS"H8, + 2ira,cL 

Anmonic Hydrochloric Sulpho-carbonic Amnionic 

sulpha-carbonate. acid. ' acid. chloride. 



Sulplmric anhydride SO,. 
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COMPOUNDS OJP SUZFHUS WITS OZTGJEif AKD 

HTBEOXTL, 

In these compounds the sulphur is either a dyad, a tetrad, 
or a hexad. 

Sulphurous anhydride SO,. 0=S=0 

O 

Sulphurous acid SOHoj. || 

H— O— S— 0— H 

O 

^ II 

o-=s=o 
o 

O 

o o 

Nordhausen sulphuric [SOjHo || || 

acid. {Bihydrie di- < . H— 0— S— 0— IS— 0— H 
suljphate,) ISOaHo || || 

o 

s 


O 

Dithionic 1 /«- r^ rr^ / SO„Ho tt rk a E ^-i tt 

add ... I S^.O«Ho^ or [ SO^Ho- H-0-S-S-O-H 

o 

o o 

Trithi^cacid. X^^Z-jSP'Ho J_ |_ 

phodtthwntc and.) ...y^Q^^^ .. ™ " ^ 

O 
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Tetratliioiiic acid, f f,?*^® II || 

(I}uuli;hodUhi- < g„ . H_0— S— S— S— S— 0— H 



Pentathionic acid. 
(Trisulphodithi-^ 
onic acid,) 



rso,Ho 

S" II It 

S" . H— 0— S— S— S— S-*-0-.H 
S" II II 

(^SO,Ho 



SULPHUBOVS ANHTDBIDB. 

SO,. 

MaleculaT weight =s:64u Molecular volume V \ i - 1 litre weighs 
82 criths. Solid at — r 76^ Liquid under the preesure of two 
atmospheres at 7^, 

Oecwrrence, — 1. As a volcanic product. 

2. In the air of towns. 

3. Evolved in the roasting of copper pyrites and other sul- 
phureous ores. 

Freparation. — 1. By the combustion of sulphur in air or in 

oxygen :— 

S + 0, 85. SO,. 

2. By heating sulphuric acid with copper or mercury :— 
2SO,Ho, + Cii « SO, + SO,Cuo" -|- 20H,. 

Bolplmrio acid. Snlpharoiu Cnpzio solpliate. Water. 

anhydride. 

2SO,Ho. +. Hg = SO, + SO^Hgo" + 20H;. 

Snlphnrio aoid. Snlphnroiu Iferoorio sulphate. Water. 

anhydride. 

3. By heating charcoal with sulphuric acid : — 
2SO,Ho, + C « 2S0, + CO, + 20H,. 

Snlphurio aoid. Sulphnrons Carbonio Water. 

anhydride. anhydride. 



4 
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4. By heating a mixture of about tkree parts bj weight of 
sulphur (two atoms) with four of manganic oxide (one mole- 
cule) : — 

S, + MnO, « SO, -h MnS". 

ICaagaoio oxide. Bnlphnrooa anhjdride. Muiganoiis inlphide. 

BeacHona. — 1. Dissolved by water, producing an acid liquid 
which, when cooled to 0^, deposits white cubical crystals of 
sulphurous acid : — 

SO, + OH, = fi(bi^4. 

Bnlphnroos anhydride. Water. Sulphnroiu add. 

2. Sulphurous anhydride, when passed into solutions of the 
metallic hydrates, produces sulphites. If the sulphurous an- 
hydride be in excess, an acid sulphite is obtained : — 

OKH -f SO, «= SOHoKo. 

Potenio hydfate. Snlphtifoiia aahydridai Hjdrio potento ndphite. 

8. If the metallic hydrate be in excess, the normal sulphite 
is formed, thus :— 

20KH + SO, =s SOKo, + OH,. 

Potasdo hydrate. SnlpliitroaB anhydride. KormalpotaaiUi Waters 

4. Sulphurous acid, when acted upon by metallic hydrtites, 
produces the same salts : — 

OKH + SOHo, = SOHoKo + OH,: 
20KH + SOHoj = SOKo, + 20H,. 

5. Sulphurous anhydride, when passed oyer metallio per- 
oxides, produces sulphates : — 

PbO, + SO, « SO,Pb(i". 

Plumbic peroxide. Bnlpharoui anhydride. Plnmbio sulphate. 

Detection, — Sulphites are recognized by the pungent odour 
of sulphurous anhydride which they evolve on the addition of 
a strong acid, such as sulphuric acid : — 

SOKo, + SO,Ho, = SO,Ko, + SO, + OH,. 

Potaasio Snlphnrio Potaario SnlphnroOB Water, 

aolphite. aoid. aolphate. anhydride. 



I 

I 

J 
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When Bolutioni of sulphited are mixed with solution of 
argentic nitrate, a white precipitate of argentic sulpliite is 
formed : — 

SOKOj + 2M0,Ago = SOAgda + 2MO,Ko. 

Potamio Argentio . Ai^ntio Fotassio 

sulphite. ^ nitrate. eoJ^hite. nitrate. 

"When this argentic sulphite is boiled with water, it becomes 
black, owing to the separation of metaUic saver :— 

SOAgo, 4- OH, « SO,Hoa + Ag,, 

Argentio folphite. Water. Bnlphnrio acid. 



SULFHUBIC AHHTBBISE. 

SO,. 

Molecular weight =80. Molecular volume \ { \ . 1 litre of 
suljphtmc anhi/dride vapour loeiglis 40 crithi. Ikuea at 
24P'S. Bmhat62'''e. 

JPrepamtion,*^h By passing a mixture of Bulphu)H>U8 anhy- 
dride and oxygen oyer ignited spongy platinum :— 

SPa -f ««» SO3. 

Btilphwoai anhydride. Snlphnrie aahjrdfide. 

2. By heating Nordhausen sulphuric acid:-** 
SO,Ho 



[so,] 



SO^o, + SO,. 

Kordhwuen Bnlphnrio add. Bnlphnrio 

nlphnrioMda. •ahjdnda. 

3. By heating lihe BO-called aaliyclroTis eodic bisulpbate 
(disodic disulpliate) : — 

SO^ao 

=. SO,Nao, + SO,. 

,SO;!Tao 

AahTdMoiBodiobiKitohate Bodlo «nlph»te. S^m^ 

<fDiNdtodinlphrte). anhjrdride. 
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4. By heating sulphuric acid with phosphoric anhydride : — 
SO.Ho, + PA = SO, + 2P0 Ho. 



ilphurio Fhosphorio Solphurio Meta-phocq;! 

acid. anhydride. anhydride. acid. 



SULPHUEIC ACID. 
SO,Ho,. 

Moleeulartoeiffhi ss^S. Molecular volume --«. Dissociation. 

1 litre of sulphuric acid vajpour weighs 24*5 eriths. Sp, 
^.1-85. Boils at S25°. 

Preparation, — ^1. By the action of hydroxyl upon sulphurous 
anhydride :— 

SO, + Ho, « SO,Ho,. 

Snlplmroiui anhydride. Hydroxyl. Snlphnrio add* 

. 2. By the exposure of a solution of sulphurous acid to air 
or oxygen : — 

SOHo, + s* SO^Ho,. 

Stt^hnroos aoid, fiulpluaio add. 

3. By the addition of water to sulphuric anhydride : — 

SO, + OH, = SO,Ho,. 

Sulphuric Water. Sulphorio 

uihydride. aoid. 

4. By the action of nitric peroxide and oxygen on sulphurous 
anhydride and subsequent decomposition by water of the white 
crystalline compound thus produced (Briining and De la 
Provostaye) : — 

rso,(N'Oj 

2S0, + WA + = Jo 

lS0,(N'0.) 

SnlphnroM N itno ^yyte crystalline 

•nbydnds. peronde. compound, 
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SO,(N»0,) 

+ 20H, = 2SO,Ho, + N,0,. 

SO,(N''0,) 

White crystalline Water. Bulphorio Nitroos 

compound *. add. anhydride. 

In the manufacture of sulphuric acid on the large scale, the 
nitrous anhydride is again acted on by water and transformed 
into nitric acid and nitric oxide : — 



SNA 


+ OH, = 2NO^o 


+ 2'N",0,. 


Nitrons 


Water. Nitric add. 


Nitric oxide. 


anhydride. 







The nitric oxide, by the action of oxygen, reproduces nitric 
peroxide, which is then ready to undergo the same processes a 
second time. The nitric acid is at the same time reduced to 
nitric peroxide by the action of sulphurous anhydri4e :— ^ 

SO, + 2NO,Ho = SO,Ho, + W%0,. 

Snlphurooa Nitric add. Sulphnrio Nitric 

anhydride. add. peroxide. 

The crude sulphuric acid may be freed from traces of nitrous 
anhydride (which it always contains) by the addition of some 
ammonic sulphate : — 

SO,(NH,0), + N,03 = s6,Ho, + 30H, + N,. 

Anunonic anlphate. Nitrons Sulphuric Water. 

anhydride. add. 

Character, — Sulphuric acid forms several classes of salts : — 



Hydric potassic sul- 1 go.KoHo. H-0-S-O-K 
phate J * II 



I, 







s 

s. 
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Potassicsulpliate... SO.Ko,. K— 0^-S— 0— K 

A 

o o 

Anhydrous sodic bi- f SO^Nao || || 

sulphate. (Biaodic \ O . Nar-0— S— O— S— 0— Na 

disu^hate.) l«0^ao H \\ 



3iuoi« dulphnte »0,Zim)", *'^o^'^ 



A 



Tetrabasic Klncic sul- 'i 9 






mlpha^,) .,. 



0/%/^ 



Zn 

Hezabasic zincic sul- r ^\ /^ 

phate, (SHmaic I SZao'V 0<f\^0^ 

sulphate.) I fool 

Zn/ \Zn 

H 

I 
O H 



Crjstallized gyp- 
sum. (^Tetraiffdrio 
ecHcic tulphafe.) ... . 



► SHo.Cao". C<^X^ 



O 

i 



hy;posulphuboxjs acid. 88 

H 



Gypsum dried at ' 
100°. {DihydHc 



i 



.SOHojCao", Ca;^ ^8=0 

ealeie sulphate.) ...\ ' ^ I 

I 

H 



O 

Gypsum dried at"! q || 

260°.. (CaZw w^ I SOjCao". Ca^ "^^S 

pUie,) J ^O^ll 



ETFOSTJLPHXTBOIJS ACH), SulpUsulplurie Add. 

SS"OHo, (hypothetical). 

JPreparation of Syposulphites (Sulphosulphafes). — 1. By boil- 
ing a solution of sodic sulphite with sulphur : — 

SONao, + S = SS"ONao,. 

Sodio sulphite. Sodic hyposnlpliite 

(Sodio BolpnoBolphate). 

This formula for sodic hyposulphite is only true of the salt 
after exposure to a temperature of 215*^. The composition of 
the salt at first formed appears to be SS"Ho2!N'ao2. These 
remarks apply also to the formula of calcic hyposulphite given 
below; but plumbic hyposulphite contains no hydrogen and, 
after drying at 100°, has the formula SS"OPbo". 

2. By exposure of an alkaline persulphide to the air : — 

'S'.Ca" + O3 « S8"OCao". 

Calcic Calcic 

persulphide. hyposulphite. 

Beaction, — ^The hyposulphites, when acted upon by acids, 
evolve sulphurous anhydride, whilst sulphur is precipitated: — 

SS"ONao, + 2HC1 » 2NaCl + OH, + S + SO, 

Sodio hyposulphite Hjrdrochlorio Sodic Water Sulphurous 

(Sodic sulpho- acid. chloride. anhydride 

snlphat«^. 

o2 
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DITHIONIC ACID, Effpotulphuric Acid. 

Preparation. — Powdered manganic oxide is suspended in 
water and a current of sulphurous anhydride parsed through 
the liquid, when the manganic oxide gradually dissolves. The 
solution contains manganous dithionate or hyposulphate : — 

MnO, + 2S0, ^ 'S^AMno". 

Man^faaio SolpharooB lifaii^;saoai 

oxide. anhydride. dithionate. 

This solution is next treated with baric sulphide, which pre- 
cipitates manganous sulphide, baric dithionate existing in the 
solution : — 

'S%0,Mno" + BaS" = MnS" + 'S^^Bao". 

MuiganooB dithionate. Baric sulphide. Manganous sulphide. Bario dithionate. 

By adding sulphuric acid to a solution of the baric dithio- 
nate, baric sulphate is precipitated and dithionic acid remains 
in solution : — 

'S^,0,Bao" + SO,Ho, « SO.Bao" + 'S^O.Ho,. 

Bario Sulphurio Bario sulphate. Dithionio aoid. 

dithionate. add. 



ISIIHIOHIC ACID, Sdphodithionie Acid, 
Sulphuretted Bypoaulphuric Acid. 

fSO,Ho 
S" 
SO,Ho 

Preparation. — ^By digesting hjdric potassic sulphite with 
sulphur, potassic trithionate and potassic hyposulphite (tul- 
photulphate) are formed : — 

f SO,Ko 
eSOKoHo + 28 = 2 -^ S" + SS"OKo, + 30H,. 

isO,Ko 

Hvdrio potassio Potasaio ^ Potassic Water, 

sulphite. trithionate. Hyposulphite. 
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The two salts so produced, when decomposed by hydrofluo- 
silicic acid, yield trithionic add, sulphurous acid, and sulphur: — 

fSO,Ko 
SS"OKo^ + 2-^8" + SH^Sy'Fe = 3K,Si»^r. 

[SO^Ko 

Fotasrio Potassio HjdroAnonlicio Fotawo 

hyposulphite. trithionate. add. Bilicofluoride. 

f SO,Ho 
+ 2-^8" + SOHo- + 8. 

I SO,Ho 

Tdthionio add. Snlphnrons 

add. 



TETEATHIONIC ACID, LisulpJiodUUonic Acid, 
Sisulphuretted Hypoaulphuric Add, 
SO,Ho 

SO,Ho 

Preparation. — ^When iodine is added to baric hyposulphite 
(^sulpho8ulpkate)y baric iodide and baric tetrathionate are pro- 
duced : — 

2SS"OBao" + I, = Bal, + \ |!, Bao". 

lso,J 

Bario hyposulphite. Bario iodide. Bario tetrathionate. 

This salt, when decomposed by sulphuric acid, yields tetra- 
thionic acid. 

FENTATHIONIC ACID, Ttimlphodithionie Acid, 
Tri^ulphuretted Hyposulphuric Add. 

r so,Ho 

S" 
< S" . 
S" 
SO.Ho 



v> 



6SH, + 5S0, = < 
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^tparation.'—'IHaM aoid is obtained by tbe action of hydro- 
sulphurio aoid on sulphurduB anhydride :-^ 

r SOJEo 

8" 

S" + 40H:, + s,. 

8" 
^SO,Ho 

Salpharetted Sulpharoaa Fentathionio add* Water, 

hydrogen. aohydride. 



SELEimiM, Se^. 

Atomic weight =79. Molecular weight -slSS. Molecular vo- 
lume rn » 1 litre of selenium vapour weighs 79 criths. 
Sp. gr, 4'3. 'Fuses a little above 100°. "Boils at about 700°^ 
Aiomidty ", *^, am,d ^. Evidence of atomicity : — 

Hydroselenic acid Se^'Hy 

Selenious chloride Se'^Cl^. 

Selenicacid Se^OgHOa. 

Occurrence, — In small quantities in some mineral sulphides. 



COMFOUNBS OF SFLFNITTM WITH HTDBOGFN 

AND GRLOBUnS. 

SELENIUBETTED HTDROGEN, Hydroselenic Acid, 

SeH,. 

Molecular weight =81. Molecular volume QD* ^ ^*^^^ weighs 
40*6 criths. 

Preparation, — ^By the action of hydrochloric acid upon fer- 
rous selenide : — 

PeSe" + 2HC1 « SeH, + PeCl,. 

Ferrous selenide. Hydrochlorio Hydroselenio Ferrous chloride. 

acid. acid. 

Character, — Like hydrosulphuric acid, it produces precipi- 
tates in solutions of most of the heavy metals. 
There are two chlorides of selenium : 'Se'^Clg and SeCl^. 



i«aBC= 
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OOM^OVNBS OF SELENIUM. WIXH OXXQBN 

AND HTDB02CTL. 

Selenious anhydride SeO,, 

SeleniouB acid SeOHo,. 

Selenicacid SeO^Ho,. 

These bodies closelj resemble the correspoiidisg sulphur 
compounds. 

Selenious anhydride is formed by burning selenium in oxy- 
gen:— 

Se, + 20, «= 2SeO,. 

Selenious 
anhjdride. 

Selenious acid is formed by dissolving the anhydride in boil- 
ing water and crystallizing. 

Potassic seleniate is prepared by fusing seleniuln or metallic 
selenides with nitre. The add is obtained by transforming the 
potassic salt into a plumbic salt, and subsequently decompo- 
sing the latter with hydrosulphuric acid. 



TELLVBIUK, Te,. 

Atomic weight =128. Molecular weiglit =256. 8p.gr, 6*2. 
Ihnes at 490®-50(f . Atomicity ", ^ and"^. Evidence of 
atOmMtif :^-^ 

Hydrotelluric acid Te"H,. 

Tellurous chloride Te^^Cl^. 

Telluric acid ., Te^O,Ho,. 

This element is of even less importance than selenium, which 
it closely resembles. 
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The following compounds are known : — 

HydroteUuric acid (telluretted Jiydrogen) TeH^. 

Hypotellurous chloride TeCJa. 

Tellurous chloride TeCl^. 

Tellurous anhydride .% TeOj. 

Telluric anhydride TeOg. 

Tellurous acid TeOHoj? 

Telluric acid TeO^Ho^. 



CHAPTER XIV. 

MONAD ELEMENTS. 

Section II. {continued from Chap. VIII.). 

BBOMINE, Br,. 

Atomic weight =80. Molecular weight =160. Molecular vo- 
lume f~n - 1 li^^^ <^ bromine vapour weighs 80 criths. 
8p, gr. 3-18. Ikises at —20°. Boils at 63°. Atomicity '. 
JEvidence of Atomicity : 

Hydrobromic acid HBr. 

Potassic bromide KBr. 

Argentic bromide AgBr. 

Occurrence, — In small quantities in some saline mineral 
waters. In sea- water, and the waters of the Dead Sea. 

Preparation, — 1. By the treatment, with chlorine, of the i 

mother-liquors of saline waters containing bromides, and ex- I 

tracting the liberated bromine by ether : — 

2KBr + C\ = 2KC1 + Br^. 

FotaBEdc bromide. Fotaesic chloride. 
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2. By heating together sulphuric acid, sodic bromide, and 
manganic oxide : — 

2NaBr + MnO^ + 2S0,H0a = Br, 

Bodic bromide. Manganio oxide. Bnlphoric acid. 

+ SO,Nao, + SO,Mno" + 20H,. 

Bodic sulphate. Manganoas snlphate. Water. 

Character. — Bromine unites with several metals directly, and 
with great energy. Antimony and arsenic bum in it with bril- 
liancy. 

At 0° bromine combines with water, forming a crystalline 
compound, Br,, lOOH,. 

HTDBOBBOHIC ACID. 
HBr. 

t 

Molecular weight =81. Molecular volume PTI ' 1 ^*^^^ of 
hydroh'omic acid weighs 40*5 criths. Fuses at — 73^ Boils 
at -69^ 

Preparation, — 1. By passing a mixture of hydrogen and 
bromine vapour through a red-hot tube, or by burning hydro- 
gen in a mixture of bromine vapour and air : — 

H, -f Br, = 2HBr. 

Hydrobromio 
aoid. 

2. By heating potassic bromide with phosphoric acid : — 

3KBr -f POH03 = POK03 + 3HBr. 

Fotaasio FhoB^)horio, Fotaesio Hydrobromio 

bromide. acid. phosphate. acid. 

Sulphuric acid cannot be employed for this operation, as a 
portion of the hydrobromic acid is then decomposed, bromine 
being liberated : — 

SO,Ho, + 2HBr = Br, + 20H, + SO,. 

Bolphnrio add. Hjdrobromic Water. Bulphurona 

acid. anhydride. 

3. By the action of water upon phosphorous tribromide ; — 
F"Br3 -h 30H, = P'OHHo, + 3HBr. 

Phoffphoroas Water. Phospihorous Hydrobromic 

tribromide. add. add. 
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4. By gradualljr dropping bromine into water containing 
amorphous phosphorus : — 

P, + 8Br, + 60H, == 2P'OHHo, + 6HBr. 

Water. Fhoq>horoiu Hjdrobromio 

aoad* add. 

5. Bj passing sulpliurettecl hydrogen through water con- 
taining bromine : — 

2SH, -f 2Br, . = 4HBr + S,. 

Bo^Qrefctod Hydrobromio 

hydrogoii. acra. 

BeaetioM, — 1. Decomposed by chlorine with liberation of 
bromine : — 

2HBr -h CI, + 2HC1 + Br,. 

Hjdiobromio Hjdrochlorio 

acid. add. 

2» By the action of atmospheric oxygen a* small quantity of 
bromine is libeifated, but the decomposition is soon arrested : — 

4HBr + O, = 20H, + 2Br,. 

Hfdrobromio Water Bromme. 

add. 

3. In contact with metallic ozides, hydrates, and salts, bro- 
mides are formed. 



COMPOUNDS OF BBOMIITE WITH OXTGEN 

Am) STDBOXTL. 

Hypobromous anhydride OBr,. 

Hypobromous acid OBrH. 

rOBr 

Bromicacid - O . 

OH 

The graphic formulsa of these compounds are analogous to 
those of the corresponding chlorine compounds, given at page 46. 
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HTPOBBOUOUS AKHYBBtDE. 

OBr,. 

Preparation, — By passing bromine vapour over dry mercuric 
oxide :-^ 

HgO + 2Br, = HgBr, + OBr,. 

Ifercnrio Hercnrio Hypobromoaa 

oxide. bromide. amiydride. 



HTPOBSOKOTTS ACID. 

OBrH. 

Prqiaration. — 1. By passing hypobromous anhydride into 
water : — 

OBr, + OH, = 20BrH. 

HTpobromous Water. Hypobromoui 

•Bhydiidc. aouL 

2. By agitating mercuric oxide with bromine- water : — 

fHgBr 
2HgO + OH, + 2Br, = 20BrH +-^0 

iHsBr 

Xerourio Water. Hypobromous Mercuric 

oxide. acid. oxybromide. 



BBOHIC ACH). 

fOBr 
lOHo* 

I'reparation. — ^By acting upon a solution of boric bromate 
with sulphuric acid : — 



^OBr 
O 



< 



Bao" + SO,Ho, = 2|2g^ + SOaBao". 
vOBr 

Baric bromate. Sulphuric Bromic Baric 

acid. LwJid. sulphato. 
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Seaetion. — "Rj boiling, bromic acid decomposes into water, 
bromine, and ozjgen:— 

*(oHo " 2Br, + 20H, + 50.. 

Bromio add. Water. 

Preparation ofhromates, — 1. By adding bromine to a solu- 
tion of a metallic hydrate, and separating the bromate by crys- 
tallization : — 

6KH0 + 3Br, = 5KBr + |g|^^ + 30H,. 

Fotaaeio Fotasaio Potassio Water, 

hydrate. bromide. bromate. 

2. By the action of potassio hydrate on bromine pentachlo- 
ride : — 

6KH0 + BrCl« = 6KC1 +I0K0 + ^°^»- 

Votassio Bromine Potassio Potaasic Water, 

hydbrate. pentadhloride. chloride. bromate. 

Character ofhromates. — Some of the bromates when heated 
lose oxygen, being transformed into bromides : — 

2{§|; = 2KBr + 80, 

Potassio Potassic 

bromate. bromide. 

Others evolve bromine and a portion of their oxygen, leaving 
metallic oxides : — 

rOBr 
O 
2^ Mgo" = 2MgO + 2Br, + 50,. 
O 
OBr 

Hagnestc 3f a^este 

bnmate. oxide. 



IODINE, I,. 

Atomic weight =127. Molecular weight =254. Molecular 
volume I I 1 . 1 Hire of iodine vapour weighs 127 criths. 
Sp. gr. 4-96. Fuses at W, Boils at 180"*. Atomicity '. 
Evidence of atomicity : — 
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Hydriodic acid HI. 

Potassic iodide KL 

Argentic iodide Agl. 

Occurrence. — la mineral springs, in sea-water, and in con- 
siderable quantities in sea-plants. 

Manufacture, — Sea-weeds are burnt and the ash is ex- 
tracted with water. The liquid is evaporated, and, after a con- 
siderable quantity of sodic carbonate and chloride has crys- 
tallized out, the mother-liquor, which contains potassic iodide, 
is distilled with sulphuric acid and manganic oxide : — 

2KI-hMnO,+2SO,Ho,=SO,Ko,-|-SO,Mno"+I,+20H,. 

Potaamo Mannmio Sulphorio Fotaasio ^annnoas Water, 

iodide. oxtde. acid. Bolphate. folj^iate. 

Beactions, — 1. Iodine is precipitated from its solutions by 
chlorine and bromine : — 

2KI -f- CI, = 2KCI + I,. 

Potassic Potaaaio 

iodide. chloride. 

2KI + Br, = 2KBr + I,. 

Potauic Potaaaio 

iodide. bromide. 

2. Iodine unites directly with many metals. 



HTDEIODIC ACm 

HI. 

Molecular weight =128. Molecular volume 1 I 1 . 1 litre of 
hydriodic acid weighs 64i criths. Fuses at —55°. 

Preparation. — 1. By passing iodine vapour and hydrogen 
throughared-hot tube or over spongy platinum gently heated: — 

H, + L « 2HI. 
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2. By the action of dilute sulphuric acid on baric iodide, op 
of phosphoric acid on any iodide : — 

Bal, + SOaHo^ = 2HI • + SO.Bao". 

Bario Solphnric Hydriodio Bario 

iodide. acid. acid. . snlph^^e. 

3. By decomposing phosphorous triiodide by water j*- 

PI3 + 80H, = POHHo, + 3HL 

Phosphorou Water. Phosphoroiu Hydriodie 

triiodide. acid. acid. 

4. By heating together water, potassic iodide, iodine, and 
phosphorus ;— 

4KI + P, + 51, + 80H, = 14HI + 2POHoKOa. 

Fobusia Water. Hydriodio Hydrio dipotassio 

iodide, acid. phosphate. 

» 

5. A solution of hydriodie acid is obtained by passing sulphu- 
retted hydrogen through water in which iodine is suspended ;— 

2SE, + 21, = 4HI + S,. 

Snlphnretted Hydriodio 

hydrogen. acid. 

Beactions. — 1. Decomposed by chlorine and bromine, with 
liberation of iodine : — 

2HI + CI, = 2HC1 + I,. 

Hydriodio Hydroohlorio 

acid. acid. 

2HI + Br, ^ 2UBt + I,, 

Hydriodio Hydrobromio 

add. add. 

2. It is gradually but completely decomposed by atmospheric 
oxygen ; the iodine, which at first remains dissolved in the 
hydriodie acid, is after a time deposited in crystals : — 

+ 21,. 



4TTT + 


0, 


sa 


20H, 


Hydriodie 
f^dd. 






Water. 

« 



3. With metallic oxides, hydrates, and some salts it forms 
iodides. Even argentic chloride is transformed by hydriodie 
acid into argentic iodide j — 

AgCl + HI = Agl + HCl. 

Ai^entic Hydriodie Argentic Hydrochloric 

chloride. add. i<raide. acid. 
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4 Hydriodic aeid is rapidly deoomposed by meroury, with 
Uberation of hydrogen :— 

2HI + 2Hg = 'Hg'J, + H,. 

HydxiocUo 3f eroarona 

add. iodide. 



COMPOJmDB OF lOBINS WITH OXT&JUT AND 

ja.TBB.OXTL. 

Iodic anhydride -^ O . 

OI 



Iodic acid 



f OI 
t OHo* 



Periodic anhyrdide 



< 



^OI 
O 

o 
o 
o 
o 

OI 



OI 

Periodic add \ O . 

OHo 

The graphic fbrmulsB of these compounds are analogous to 
those of the corresponding chlorine compounds giren at p, 46. 



IODIC AITHTDBISE. 



I,0„ or -L 



^OI 



. 

O 
LOI 
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Pr^^araHon. — By heating iodic acid to 170°, whea it sepa- 
rates into iodic anhydride and water : — 

roi 

fOI \^ 

2{oHo = 0«« + \^' 

lodio acid. Iodic anhydride. 

Reaction, — ^When strongly Heated, it decomposes into iodine 
and oxygen. 



IODIC ACID. 



{ 



Ol 
OHo" 



^Preparation, — 1. By the action of sulphuric acid upon baric 
iodate . — 

'^ roT 

^Bao" + SO^Ho. = ^[oiLo + SO,Bao". 
.01 

Barjciodat&i Sulphuric Iodic aoid. Baric mlphate. 

acid. 

2. By oxidizing iodine with strong boiling nitric acid :— 
6NO,Ho + I, = 2 { g^^ + 20H, + 2N,0. + 'N",0,. 

Nitric aoid. Iodic acid. Water. Kitrona Nitric 

anhydride. peroxide. 

8. By acting upon iodine and water with chlorine : — 
I, + 60H, + 5C1, = 2|g^^ + lOHCl. 

Water. Iodic add. Hydrochloric 

add. 

Beactums. — 1. In contact with hydriodic acid it forms water 
and iodine : — 

(oHo + ^^ = 80H, + 31,. 

Iodic add. Hydriodic Water. 

add. 
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2. It is reduced by many other deoxidizing agents. 

Preparation oflodates, — 1. Bj treating solutions of metallic 
hydrates with iodine, and separating the iodate by crystalliza- 
tion: — 

6KHo + 81, « 5KI + |g^^ + 30H,. 

Potasmo Fotaaaio Potaaaio Water, 

nydrate. iodide. iodate. 

2. By dissolving iodine in potassic hydrate and treating the 
mixture with chlorine : — 

12KHo + I, + 6C1, = lOKCl + 2 { g]^^ + 60H 

Potaaaio Potaaaio Potaaaio Water, 

hydrate. ohlwide. iodate. 

8. By heating together potassic chlorate and iodine : — 
^» + {oKo "• ^^^ + {oKo- 

Potaaaio Iodine Potaaaio 

chlorate. monoohloride. iodate. 

Character ofiodates, — Some of the iodat^s when heated split 
into iodides and oxygen, others into metallic oxides, iodine, and 
oxygen. 

Iodic acid gives several well-defined anhydro-salts. 



F2BI0DIC ANHTDBIBS. 

^OI 
O 

IaO„ or ^ O 
O 
O 

Preparation. — By heating periodic acid to 160^:— 

fOI 
O fis 1,0^ + OH,. 
OHo 

Periodio Periodio Water, 

aoid. Mihydride. 



<4 W 
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BeaeiioH.—'Whea beated it is decomposed into oxygen and 
iodic Anhydride, oad ultimately into iodine and oxygen. 



rsBiomo Acis. 

fOI 
O 1 
OHo 

Preparation. — By decomposing plumbic periodate with aid- 
phuiie acid : — 

''OI 



O fOI 

Pbo" + SO,Ho, = 2-^0 + SO^Pbo". 

O lOHo 

O 

Plmnbio Bnlphtirio Periodic Plmnbio 

periodate> wnd. aoid. Bulphate. 

Preparation of Perioda^,*^8oiio periodate may be prepared 
by passing chlorine through mixed solutions of sodic hydrate 
and sodic iodate :-— 

01 



ONao + 2N»H° + C], = 


- +OHa + 2NaCl. 
ONao 

1 


Sodio Bodie 


Bodio Water. Sodio 


iodate. hydiate. 


periodate. chloride. 



PLITOEINE, F,. 
Atomic weight =19. Molecular weight =38 (?). Molecular 
volume [X]. 1 liU'e weighs 19 criths (?). Atomicity '. 
JEkndence qf atomicity : — 

Hydrofluoric acid HP. 

Occurrence.-r-Jii combinatioil with metals in fluorspar, cryo- 
lite, apatite, and other minerals. 
Little is known of fluorine in the uncombined condition. 



C w »- * 

- w »■ - 



SILICON. \ ^ ^I#'^' - 

COMFOUND OF FLUOBINE WITH EYDSOG. 




HtDBOfLirOBIO ACID. 
HF. 

MoledUlar toeiffht ^20. Molecular volmte (T^ * 1 Utrd udeigTis 
10 criths. Both at 19°-5. 8p. gr, of liquid -9875 at 13^ 
Freparatipn, — By heating calcic fluoride with sulphuric acid 
in a leaden or platinum yessel : — 

CaP, + SO,Ho, = 2HF + SO.Cao"- 

Calcic Solphurio Hydrofluoric Oaloio 

fluoride. acid. aoicL golphate* 



CHAPTER XV. 

Seotioit I. {Continued from Chapter XI.) 
SILICON, Silicium^ Si. 

Atomic weight «=28*6» 8p.gr, (graphUoidal) =2'4i9. Atomicity *^ 
Evidence qfatomicitg : — 

Silicic chloride SiCl^. 

Silicic fluoride SiF^. 

0(JciwT£wce.— Silicon is one of the most widely diffused ele- 
ments. It is found, in combination with oxygen and metalsi in 
a very large number of minerals. 

a. Amorphous Silicon, 

Frepa/ration, — 1. By heating potassic silicofiuoride with 
potassium : — 

SiK,Fe + 2K, = Si + 6KF. 

Potassic Potassio 

siliooflnoride. fluoride. 

h2 
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2. By heating sodium in a current of the vapour of silicic 
chloride :~ 

SiCl, + 2Na^ « Si + 4NaCL 

Silicio Sddio 

chloride. chloride. 

Reactions. — 1. SiUcon is dissolved by aqueous hydrofluoric 
add, and converted into hydrofluosilicic acid : — 

Si + 6HF = SiH^Fe + 2H,. 

Hydroflaorio Hydrofljioailicio 
acid. acid. 

2. When fused with potassic hydrate, or boiled in its solu- 
tion, it yields potassic silicate : — 

Si + 4KHo = SiKo, + 2'R^. 

Potassic Potassic 

hydrate. silicate. 

3. Heated in the air, it burns, producing silicic anhydride. 
ft, Graphitoidal Silicon, 

^Preparation, — By fusing amorphous silicon with aluminium, 
and boiling the compound in hydrochloric or hydrofluoric acid, 
which dissolves the aluminium, leaving the silicon in the form 
of hexagonal plates with a metallic lustre. 

Character, — ^May be heated to whiteness in oxygen without 
burning. 

Is gradually oxidized by a mixture of nitric and hydrofluoric 
acids. 

Is slowly attacked by fused potassic hydrate. 

y. Adamantine Silicon. 

Preparation, — By heating aluminium very strongly in a 
current of the vapour of silicic chloride. The aluminic chloride 
which is formed volatilizes, leaving the adamantine silicon be- 
hind: — 

3SiCl, + 2A], =a 2'Al";Cle + Si,. 

diliclo Almninio 

chloride. chloride. 



W w «. ^ t 



» • 
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SniaC HTDSIDE, 

SiH,. 

Molecular weight =32*5. 

Preparation. — 1. By decomposing dilute sulphuric acid by 
a feeble electric current passing from electrodes of aluminium 
containing silicon, when the silicic hydride is evolved at the 
negative pole. 

2. By decomposing magnesic silicide with hydrochloric 
acid :— 

SiMg", + 4HC1 = 2MgCl, + SiH,. 

Sfa^esio Hjdroohlorio Magnesio Silicio 

silicide. add. chloride. hydride. 

3. Both the above processes furnish siUcic hydride mixed 
with much hydrogen ; but if ethylic silicofonnate be placed in 
contact with sodium, it splits up into ethylic silicate and pure 
silicic hydride, the sodium remaining unaffected : — 

4SiH(C,H,0)3 = SiH, + 3Si(C,H,0),. 

Ethylio silicofonnate. Silicio Ethjlic silicate. 

hydride. 

Beactions, — 1. Under reduced pressure or mixed with hy- 
drogen, inflames spontaneously in air, producing water and 
silicic anhydride : — 

SiH, + 20, « SiO, + 20H,. 

Silicio Silicic Water, 

hydride. anhydride. 

2. Decomposed by solution of potassic hydrate, yielding 
exactly four times its volume of hydrogen : — 

SiH, + KHo + OH, = SiOKo^ + 4H,. 

Silicic hydride. Potassic Water. Potassic 

hydrate. silicate. 

SILiaC CHLOBIDE. 

SiCl,. 
Molecular weight =170*5. Molecular volume fTI - 1 l^^^^ 
weighs 85*25 criths. 8p, gr, of liquid 1'52. Boils at 59°. 
Breparation — 1. By burning silicon in chlorine. 
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2. By heating a mixture of carbon and silicic anhydride in 
a stream of chlorine :r-» 

SiO^ + 2C + 2C1, = SiCl, + 2C0. 

Silicic SQicic Oarbonio 

SiAjdii^e. chloride. oxide. 

Seaetiofh.'^'Bj contact with water it produces lilioio and hy? 
(Irochloric acids :— 

SiCl, + 40H, = SiHoi + 4HC1. 

Silioio Water. Silioiq Hydroohlorio 

chloride. acid. acid. 



SILICIC HYDEOTBICHLORIDE, Silicon Chloroform. 

SiHCl,. 

Molecular weiefhi =a 185*9. Molecular volume m » 1 litre 
w^S^ 67-75 mth8, S<nl8 at 36°. 

JPreparation. — By heating crystallized silicon to dull redness 
in a current of hydrochloric acid gas : — 

Si + 3HC1 = SiHCl3 + ^,, 

Hydrochloriq Silicic 

ad^i bydrotrichloride. 

Eeactions, — 1. Is decomposed by chlorine at ordinary tem- 
peratures :-^ 



SiHCla + 


Cl, = 


= SiCl, 


+ 


HCl. 


SiUoio 




Silicic 


I 


[ydroohlc 


hydrokichloride. 




chloride. 




add 



2. By contact with water it is transformed into Disilicic 
hf/droirioodde, or Silicoformic anhi/dride : — 



2SiHC], + 30H, =; 



a 1 w-..— a 



SiHO 

O + 6HC1. 

SiHO 

Silicic Water. Silicoformic Hydrochloric 

hydrotriorLO'ide. ., anhydride. add. 
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SniaC BEOHIDE. 
SiBr,. 
Molecular wHghi =348-6, 8p. gr. 2*813 at (P. JBoik at 153°. 
Preparation* — 3j the same method as that employed for 
making the chloride, bromine vapour being subetitated for chlo- 
rine. 

Beaction. — Decomposed by water in the samq maniier aa the 
chloride. 

8ILI0IC IODIDE. 



^4* 

Molecular weight =536"5. Molecular volume I I I . Fuses at 
120°'5. Boils in carbonic anhgdride at 290°, 

J?r^aration. — By passing iodine vapour ap^d carbomc anhy- 
dride over red-hot silicon. 

JReactions,' — 1. Decomposed by water into silicic and hydri- 
odic acids. 

2. By absolute alcohol it is decomposed, with production of 
silicic anhydride, ethylic iodide, and hydriodic acid : — 

Sil, + SEtHo ^ SiO, + 2EtI + 2HI. 

Silioio Alcohol. Silicic Eth^lio Hjdriodic 

iodide. fuhydfide. iodide. ^d. 



SILICIC FLUOEIDE. 

Sir,. 

Molecular weight =104i'5. Molecular vohime II \ . 1 litre 
weighs 52*26 criths. Fuses at — 140° C. Condensable gas. 

Preparation. — ^By heating together silicic anhydride, calcic 
fluoride, and sulphuric acid : — 

SiO, + 2CaE, + 2SO,Ho, = SiF, 

Silicio Calcic Sulphuric Silicio 

anJiydride. fluoride. acid. fluoride. 

+ 2SOHo,Cao". 

Dihydrio calcic sulphate. 
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Eeaetion.^^'By contact with water it produces silicic and 
hydrofluosilicic acids : — 

3SiI^, + 4OH3 = SiHo, + 2SiH,Fe. 



SiUdo 
flnoride. 



Water. 



Silioio 
add. 



HydroflnoBilicio 
add. 



By contact with metallic oxides, hydrates, and salts, hydrofluo- 
silicic acid produces silicofluorides, some of which, as the potassic 
and baric compounds, are insoluble in water : — 

SiH,F, + 2KHo = SiK,F« + 20H,. 



'a- 6 

Hydrofluosilicic 
aoid. 



Fotascdc 
hydrate. 



a-^6 
Potassic 
siliooflaoride. 



Water. 



COMPOUimS OF SILICON WITS OXTGHN AND 

SYDBOXYL. 

Silicic anhydride SiOj. 

Silicic acid SiHo^ and SiOHo^* 



1. 



Modifications of Silicic acid. 



fSiOHo 
O 
SiOHo 



rSiOHo 
O 
2. ^ SiO 
O 

SiOHo 



li 



^SiOHo 
O 



3.^ 



Vw 



SiO 



SiO 

O 

SiOHo 



4.V 



^SiOHo 

O 

SiO 

O 

SiO 

O 

SiO 



SiO 

O 

SiO 



SiO 

O 
l^SiOHo 
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SILICIC ANHTDBIDE. 

SiO,. 

Molecular weight =60*5. 8p, gr, 2*69. 

Occurrence. — In the pure state in many minerals, as quartz, 
agate, &c« 

Preparation. — By heating silicic acid to 100* 



\o 



SILICIC ACID. 

Tetrabasie... SiHo^. Dibasic... SiOHOg. 

preparation. — 1. By treating a solution of a soluble silicate 
with hydrochloric acid :— 

SiNao, + 4HC1 = SiHo, + 4Naa 

Sodio Hjdrochlorio Silioio Sodio 

silicate. acid. add. chloride. 

2. By passing a stream of carbonic anhydride through a 
solution of a soluble silicate : — 

SiNao, + 40H, -f 4C0, = SiHo, + 4COHoNao. 

Sodio Water. Carbonic Silicic Hydric sodic 

silicate. anhydride. acid. carbonate. 

A reaction similar to this is the oause of the disintegration 
of granitic rocks. 

3. By passing silicic fluoride through water. (See p. 104.) 

4. The bibasic silicic acid is said to be produced by the eva- 
poration in vacuo at 16° of a solution of the tetrabasie acid in 
water. 

The acid prepared by the first three of the above processes 
has probably the formula SiHo^ ; by drying in the air a com- 
pound remains containing 



SiAO.e = Si,0«Ho«. 
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This last acid, heated to 100°, loses more water, being trans- 
formed into 

SieH,0,, = BieO.oHo,. 

6. Bj the action of water on tetrethylic silicate, a compound 
is produced containing 

Si,H,0,3 = Si,0,Ho,. 



SnJCATES. 

The soluble alkaline silicates njay be prepared by fusing 
silicic anhydride, in the form of sand or flints, or insoluble 
natural silicates, with alkaline hydrates or carbonates. 

The silicates form a very important class of minerals. The 
following list contains a few examples : — 

Sand. 
Flint. 

Eock crystal. IsiUcic mhvdride SiO,. 

Qu^^z. * 

Opal. 

Chalcedony. 

Peridote. v IHma^esie nlieate SiMgo'^g. 

Phenacite. Diglucinic silicate SiGlo'^^. 

Willemite. Dizindc ailieate SiZno"jj. 

Zircon. Dizireonio silicate SiZro"2« 

Enstatite. Monomagnesie silicate . . . SiOMgo". 

SiNaOg 

Xorke's Sodic silicate .,,,\ O 

SiNaOg 

Si , 

Ophite (Noble Serpentine) \0 Mgo'^g. 



SILICATES, lOr 

SiO 

Diopside. Calcic magnesic disilicate ... g.QCao"Mgo". 

Talc. Tetramagnesic pentasilumUi 3ifiJi/Lgo'\, 

Okenite. Tetrahydric calcic disilicate, \ O Cao", 

SiHo„ 



Serpentine, Dihydric trimagnesic diH- J m » ^° 
^^«^^ IsiHoMgo" 

Steatite. JHmagnesic tetratilicate Si^OgMgQ"g, 



Meerscliaum, Tetrahydric dimagneHc 



trisUicate 



rSiHoMgo" 

O 
i SiHo, 
O 
^SiHoMgo" 



SiOHo--, 
Pyrophyllite. Dihydric aluminic ietra- SiO — \ i 

§ilicate ,»,, .,..,....,.,,,.,..,,.... SiO i ^ 

SiOHo-J 



Anorthite. Aluminic calcic disilicate, Si2('Al"'jOfl)^*C^Q". 

SiO , 

Labradorite. Aluminic calcic trisilicate, SiCao' -Al o^ 

SiO '' 

Grrossularia. Aluminic tricalcic trisili- 2.^ „"~Ti, , 

. SlCao"-Al^o'^ 

^^^^ ' --' SiCao"--J 

Emerald. Triqlucinic aluminic hexa-^ «, ^ ., ^^, „ 
Hlicate' I SlAAl,o-GHo", 

SiO—, 
CHoropal. Ferric trisilictfte , Si0-Pej0'^,3OHj, 



SiO— J 



Eelspar. Orthose. Dipotiuno alumi-. 



nic hexasiliwte j Si,0,Ko,Al,o^ 
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SILICIC SITLFHIDE. 

sis'V 

Freparatum. — By passing the vapour of carbonic disulphide 
over silicic anhydride heated to redness : — 

SiO, + CS", = SiS", + CO,. 

r Silicic Carbonic Silicic Carbonic 

(anhydiide. disulphide. sulphide. anhydride. 

Beaction, — By the action of water, hydrosulphuric acid is 
evolved, and the solution contains silicic acid : — 

SiS, + 40H, = SiHo, + 2SH,. 

Silicic Water. Silidc Sulphuretted 

sulphide. acid. hydrogen. 



TIN, Sn. 

Atomic weight =118. Molecular weight unknown, Sp, gr. 
7*28. Fuses at 228°. Atomicity " and *% also a pseudo-triad. 

The following are the names and probable formul» of the 
principal compounds of this metal : — 

Stannous chloride SnCl^. 

Stannic chloride SnCl^. 

Stannous oxide SnO. 

Stannic oxide or anhydride. SnO^. 

rsnci 

Distannous oxydichloride.. \ O . CI — Sn — O — Sn— CI 

I SnCl 

stannous hydrate SuHo,. H — — Sn — — H 

O 

Stannic acid SnOHo.. || 

H-0— Sn— 0-H 

Dipotassic stannite SnKo,. 

Dipotassic stannate SnOKo^, 40II,. 



COMPOUNDS OP TIK. 



109 



Distannic trioxide 



or 



fSnOQ 



Metastannic acid (dried at 
100°) 



V. 



0^ 



O 

Sa— Sn 



=0 





stannous stannate SnOSno". 0=Sn Sn 

V 

'' SnHo, 
O 

SnHo, 
O 
< SnO 
O 

SnHo, 
O 
SnHo3 

SnHo.Ko 

O 

SnHo, 

O 
Dipotassicmetastannate...^ SnO 



SnHOs 
I O 
^ SnHOjjKo 

Stannous sulphide * SnS". 

Stannic sulpbide SnS''^. 

Distannic trisulphide | SnS"^ '' 



S= 



S 

Sn— Sn 



=S 



or 



Stannous sulptostannate ... SnSSns". S=i 



Stannous sulphate SOaSno". 



S 
Sn Sn 
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TrrAmtJit, Ti. 

Atomie weight s50. Molecular weight tmhnoum. Sp, gr, 5*3. 
Aiomidtg " and^^^ aUo a psetido-triad. 

The following are tlie namesl and probabld formulsd of the 
chief compounds of titanium :— 

CI 



Titanic tetrachloride TlCl,. CI— Ti— CI 

A 

Cl CI 
Dititanic hexachloride •••iticI" Cl— Ti— Ti^Cl 

I I 

Cl Cl 

Titanous oxide TiO. Ti=0 

Titanic oxide or anhydride *| 

(Eutile, Anatase, Brook- I TiOj. 

ite) J 



Titanic acid TiOHo^. || 

H— 0— Ti— 0— H 
Titanic sulphide ^.*.gs TiS^'v,-. 

Dititanic dinitride {Sn'"* N^lS— Ti=lf 



Trititanic tetranitride Ti 



\W. N=Ti Ti Ti=N. 

Ill 



PH08PH0KUS. Ill 



CHAPTEE XVI. 

PENTAD ELEMENTS. 

SsoTioK I. {Contirvuedfrom Chapter XII.) 
PHOSPHOEUS, F,. 

Atomic weight =31. Molecular weight =124. Molecular 
volume rrj * 1 litre qf phosphorus vapour weighs 62 
criths, Sp, gr. 1*83. Fusi^at 448-45°. !BiHU at 2^(f, 
Atomicity '" and \ Hvidehce of atomicity : — 



'8 



PhoBphorouB trihy dride P*'*^^ 

Phosphorous trichloride P^'Clg. 

Phosphoric chloride .i P^Clj. 

Phosphonic iodide P^H J. ' 

Occurrence.-^Jn. combination as a constituent of several 
minerals, and in small quantities in most rocks and soils. 

In plants, and in the brain, nerves, urine, and bones of 
animals. 

Jfam(;^^iir9.->--^Calcined bones or Sombreritep both of which 
consist chiefly of calcic phosphate, are digested with sulphuric 
acid, by which the triealcic diphosphate is converted into tetrad 
hydric calcic diphosphate:—* 

P,0,Cao", + 2SO,Ho, = P,0,Ho,Cao" + 2SO,Cao''. 

Tricalcio diphos- Bulphorio Tetrahydrio oaldo Calcio 

phate (Bone-aah). add. dipnoaphate. sttlpliate. 

The tetrahydric calcic phosphate is extracted with water 
from the calcic sulphate, evaporated, mixed with charcoal, dried 
and distilled, when phosphorus, carbonic oxide, and triealcic 
diphosphate are produced : — 

3P,0,Cao" + Cio = P.O.C^o", + lOCO + P,. 

Caldo meta- Tricaldo Carbonic 

phosphate. diphosphate. axide* 
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AMORPHOUS PHOSPHOBUS. Allotropie Phosphorus. Bed 

Phosphorus. 

Obtained by heating common pbosphorus to 230^-250° in 
close vessels. 

Neither the number nor the arrangement of the atoms in 
the molecule of this variety of phosphorus is known. 



COMPOTTNDa OF PSOSPSOBTTS WITS 

SYDBOGEN. 

Phosphorus forms three compounds with hydrogen, which 
cannot be obtained by the direct combination of their elements. 

PrF"HV' ^ 

Liquid ditto 'F',H,. 

Gaseous ditto PH,. 



GASEOUS PHOSPHOBETTES HTDBOaEN. 

H 



PH3. 



H— P— H 

MoUculwr weight ^^^. Molecular volume [113' 1 litre weighs 
17 critTis. 

Preparation, — 1, By heating hypophosphorous acid : — 

2POH,Ho = PH3 + POH03. 

Hypophocrohorous PhoBphoretted Phosphorio 
adOi hyorogen. aad. 

2. By heating phosphorous acid : — 

4POHH0, « PH3 + 3POH03. 

Phosphorous Phoaphoretfced Phosphoric 

acid. hydrogen. acid. 
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3. By heating pbosphorus with solution of sodic or potassic 
hydrate : — 

SONaH + P, + 80H, = 3POH,Nao + PH,. 

Sodio Water. Sodio Phoapliaretted 

hydrate. hypophosphite. hydrogen. 

The gas prepared by this process contains free hydrogen and 
the vapour of liquid phosphoretted hydrogen. 

Eeactions.—l. By combustion in oxygen it yields phosphoric 
acid: — 

PH, + 20a = POH03. 

Phosphoretted Phosphorio 

hydrogen. aoid. 

2. When passed through a solution of cupric sulphate, it 
causes a black precipitate of cupric phosphide :-^ 

2PH3 + 8SO,Cuo" ^ P,Cu"3 + 380^0,. 

Phoaphoretted Cnnrio Cnprio Solphorio 

hydrogen. ffolpnate. phosphide. acid. 

3. When passed through a solution of argentic nitrate, me- 
tallic silver and nitric and phosphoric acids are formed : — 

PH, + SNOjAgo + 40B; = POH03 + 4Ag, + 8NO,Ho. 

Phosphoretted Argentio Water. PfaoBt>horio N'itrio 

hydrogen. nitrate. acid. add. 

4. It unites directly with hydriodic and hydrobromic acids 
when they are presented to it in the nascent state, forming 
compounds isomorphous with the corresponding substances in 
the nitrogen series : — 

PH, + 31, « PI3 + 3HI5 

Phosphoretted Phosphorous Hydriodid 

hydrogen. triiodide. add. 



3PH, + 8HI = 8PHJ. 

Phosphoretted Hydriodio Phosphonio 

hydrogen. add. iooidei 

In this behaviour phosphoretted hydrogen bears a striking 
analogy to ammonia, although, imlike the latter compound, it 
does not unite with other acids. 

I 
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JKXUID FHOSPHOSETTED ETDSOGEK. 



'F' H„ or 



H H 
I 



IS- i- 



Molecular weight = 66. 

Preparation. — By the action of w^ter or very dilute hydro- 
cliloric acid upon calcic phosphide, 'P"jCa"2, the gas evolved 
being transmitted through a freezing-mixture :— 

'P",Ca", + 40H, = 'P"A . + 2Ca"Ho,. 

Galdo Water. LiatudphoS' Calcio 

phosphide* pnoretted hydrate. 

The oaldo phosphide is prepared by passing the vapour of 
phosphorus over lime heated to redness : — 

14P + 14CaO = 2P,03Cao", + S'P'^Ca'V 

lame. Caloio Calcic 

pyrophoaphate. phoaphida 

BeaeHon. — Decomposed by sunlight into solid and gaseous 
phosphoretted hydrogen :— * 

6'P"A = 6PH, + {pfp'-'^J"? 

Idquid phospho- Gaseous phospho- SoHd phosphoretted 

retied hydrogen. retted hydrogen. hydrogen. 



SOLID PHOSFHOSETTES HTDBOOEN. 

fP(F"H)% 
\P(F"H)"^ 

Mbleeular weight b126 P 

Preparation, — By dissolving calcic phosphide in concen- 
trated hydrochloric acid, or by the action of light upon the { 
liquid phosphoretted hydrogen. 
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COMFOUNBS OF PROSFROBUS WITR 

CRLOBINE. 

Phosphorus forms two compounds with chlorine : — 

Phosphorous trichloride... PCI,. 

Phosphoric chloride PCl^. 



PHOSPHOSOUS TBICHLOBIBE. 

* 

CI 
PCI3. I 

CI— P— CI 

Molecular weiglit =137'5. Molecular volume I I I . 1 litre of 
phosphorous trichloride vapour weighs 68*75 criths, 8p, gr, 
1-45. Boils at l^"". 

Freparation, — By the action of chlorine upon phosphorus : — 

P, 4- 3C1, t= 2PC1,. 

Beaction. — ^By the action of water it yields hydrochloric 
and phosphorous acids : — 

PCL 4- 30H, = 3HC1 + POHHo,. 



Phoflphorons Water. Hydrochloric Phosphor 

triomoride. aoid. add. 



FSOSPHOBIC CHLOSn)£ 

CI 

POl,. CI— P— CI 

cf ^1 

Molecular weight =208*5. Molecular volume I I I to H-j. 

i2 
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1 litre of phosphoric chloride weighs 52*1 to lOii'25 criths. 
Volatilizes below 100°. 

Preparation, — By the action of cUorine upon phosphorous 
trichloride :— 



PCI, 


+ 


Cl, 


ra 


PCI.. 


Phosphoroiis 
triduoride. 








Phocphoric 
chloride. ' 



Beaetions, — 1. By the action of an excess of water it pro- 
duces hydrochloric acid and phosphoric acid : — 

PCI, + 40H, = 5HC1 4- POH03. 

Pho(q;>horio Water. Hydrochloric Phosphoric 

diloride. add. acid. 

2. When submitted to the action of alcohols and acids, the 
chlorides of the radicals of the alcohols and acids are obtained, 
thus : — 

{^Ho + PCI, » {g^3^i + HCl + POCl,. 

Ethvlio Phosphoric Ethjlio Hydrochloric Phosphoric 

alcohol. chloride. chloride. acid. ozytriohloride. 

{cSlo + PCI. = {gg»ci + HCl + POCl,. 

Acetic add. Phosphoric Acetjrlic Hydrochloric PhosDhorio 

chloride. chloride. add. oxytricnloride. 



COMPOVND OF PSOSPffOSUS WITS CELOmNH 

AND OXTGHN. 

PHOSFHOBIC OXTTBICBXOKIDE. 

CI 



POCI3. CI— P— CI 

II 

o 



Molecular weight ssl53'5. Molecular volume V} I . 1 litre of 
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phosphoric oxytrichloride vapou/r weiyh% 76*75 critha. Sp. 
gr, 1'7. Boiling-point 110° 

Preparation, — 1. By the action of a limited quantity of 
water on phosphoric chloride : — 

PCI, + OH, = POCl, + 2Ha. 

Phosphoric Water. Phcffiphorio Hjdroohlorio 

chloride. ozytriooloride. add. 

2. By passing oxygen through boiling phosphorous trichlo- 
ride ; — 

PCI3 4- « POCI3. 

Phosphorous Phoflohorio 

triohloride. oxytnonloride. 

3. By heating phosphoric chloride with phosphoric anhy- 
dride: — 

P,0, + SPCl, = 5P0C1,. 

Phosphoric Phosphoric Phosphoric 

anhydride. chloride. oxTtriohloride. 

4. It is formed as a secondary product in the preparation of 
the chlorides of alcohol and acid radicals as above described 
(p. 116). 

Beactians, — 1. By contact with water it is transformed into 
hydrochloric and phosphoric acids : — 

POCI3 + 30H, fc POHO3 + 3HC1. 

Phosphoric Water. Phosphoric Hjdroohlorio 

oxTtricnloride. acid. add. 

2. By distillation with the salts of organic acids it yields 
the chloracids : — 

3{o?kao + POCl, = 3{gg5i + PONao,. 

Sodic Phosphoric Acel^lio Sodic 

acetate. oxytridiloride. chloride. phosphate. 

COMPOUIH) OF PSOSPSOBUS WITH CSLOBUTE 

AJH) SZTLPSUB. 

FHOSFHOBIC SULFHOTSICHLOBISE. 

PS"C1,. 

Moleeular weigU =169-5. BoUt at 128°. 
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Preparation. — 3j the action of sulphuretted hydrogen upon 
phosphoric chloride : — 

PCI. + SH, » PS"C1, + 2HCL 

Phosphorio Snlpbnretted Fhosphorio Hjdroohlcnia 

chloride. hydrogen, golphotnohloride. aoid. 

MeacHm* — ^When boiled with sodic hydrate, it yields sodic 
chloride and trisodic sulphophosphate : — 

eONaH + PS"Cl3 = 3NaCl + PS^lSTao, + 30H,. 

Sodio Phosphoric Sodic Trisodio Water, 

hydrate. * solphotnohloride. chloride. solpho- 

photphate. 



COMPOUJUTDS OF PSOSPROMUS WITS OXYGEN 

AND STDKOXTL. 

O O 

II 
P- 



Phosphorous anhydride ^2^3- \\ i| 

■'— 0— P 



O 

II II 

Phosphoric anhydride Vfiy P— 0— P 

II li 

O 

o 

II 

Hypophosphorous acid POH^Ho. P — — H 

^\ ' 

O 

II 
Phosphorous acid POHHo,. H— 0— P— 0— H 



H 



COMBOXTNDS OF FHO8PH0BU8. 
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Phosphoric acid J pog 
(tnbaaic) ... J 







— 0— H 



i 
i 



o 



Metaphosphoric 1 p^ -n- 
acid (monobasic). J * 



P— 0— H 



Pyrophosplioric "j jj. 

acid (tetra- > PjOjHo^. 
basic) J 






.0-1. 







i 
i 



O— P— 0— H 

A 
i 



Hexabasic pbosplioric acid P^O^Hog. 

Sodium salt (Eleitmann and Henneberg) {Hexaaodic tetro' 
pli08phxte) P^O^Nao,. 

o o 

Na— 0— P— 0— P— 0— P— 0— JP— 0— Na 

A i A A 

Na Na Na TSi 



la 
P„0„Hoy. 



Dodecabasic phosphoric acid 

Sodium salt (Meitmann and Henneberg) (Dodecatodie deca- 
phosphate) PuOuNaOjj. 



O 



Ka 



-oJ- 
:A 

Na 



O -j O 

.0— ip ;0— P— O— Na 



A 

Na 



A 

Na 
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PEOSFHOBOUS ANH7DBIDE. 

Molecular weight ^110. 

Preparation. — ^By the slow oiddation of phosphorus in a 
gentle current of dry air. 

Beaciian. — ^In contact with water it produces phosphorous 
acid: — 

P.Og + 30H, = 2POHH0,. 

Fhcwphorona Water. Fhoephorous 

anhydride. acid. 



FHOSPHOBOITS ACID. 

POHHoj. 
Molecular weight =82. 

Preparation, — 1. By the action of water on phosphorous 
anhydride as above. 

2. By the slow oxidation of phosphorus in moist air. 

3. By the action of water upon phosphorous chloride (see 
p. 115). 

4. By passing chlorine through phosphorus under hot water. 
Seactums. — 1. "When heated, it yields phosphoric acid and 

phosphoretted hydrogen : — 

4POHH0 = 3POH03 + PH3. 

FhoBphorout Fhoephorio Phosphoretted 

acid. add. hydrogen. 

2. It absorbs oxygen from the air, yielding phosphoric acid : — 
2POHH0, + O, = 2POH03. 

FhosphorouB add. Fhosphoric add. 
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FHOSFHOBIC AITHTSBIDE. 

P,0.. 
Molecular weight =142. 

Preparation, — ^Bj burning phosphorus in excess of dry air 

or oxygen. 

Reaction, — By contact with water it forms metaphosphoric 

acid: — 

P,0, + OH, = 2PO,Ho. 

Phosphoric Water. Hetaphosphorio 

anhydride, acid. 



UETAFHOSFHOBIC ACIP. 

PO,Ho. 
Molecular weight =80. 

Preparation. — 1. By dissolving phosphoric anhydride in 
water (see above). 
2. By heating phosphoric acid to redness : — 

POHO3 = PO,Ho + OH,. 

Phosphoirio BCetaphos- Water, 

acid. phoric add. 

Preparation ofmetapTiosphates, — The metaphosphates may be 
produced — 

1. By igniting a dihydric phosphate with a fixed base : — 

POHo.Nao = PO,Nao + OH,. 

Dihydric sodio Bodic Water, 

phosphate. metaphosphate. 

2. By igniting a monohydric phosphate which contains one 
atom of a volatile base : — 



POHoNao(N^H,0) = PO,Nao + NH, + OH, 

Hydric sodio amnionic -Sodic Ammonia. Water 

phosphate. metaphosphate. 

3. By igniting a dihydric pyrophosphate : — 

P,03Ho^ao, = 2PO,Nao + OH,, 

Dihydric disodio Sodic Water, 

pyrophosphate metaphosphate.. 



n 
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FTBOFHOSFHOBIC ACID. 

Molecular loeigkt ^178. 

Preparation. — "Qj decomposing plumbic pyrophoephate by 
hydrosulphuric acid : — 

P,0,Pbo", + 2SH, = 2PbS" + PAHo,. 

Plombio Salphuretted Plumbio Pyrophosphorio 

pyrophosphate. hydrogen. Bolphide. acia. 

PjTopliosphateB are prepared by heating monohydric phos- 
phates containing two atoms of a fixed base : — 

2POHoNao, = P,0,]Srao, + OH,. 

Hydrio disodio Sodio Water, 

phosphate. pyrophosphate. 



PHOSPHORIC ACID, Orthophosphoric Acid, 

POHo,. 
Molecular weight ss98. 

JPreparation, — 1. By boiling a solution of phosphoric anhy- 
dride or of metaphosphoric acid in water :— 

P,0, + 30H^ = 2POH03. 

Phoaphorio Water. Phoqphorio 

' anhydride. acid. 

2. By the oxidation of amorphous phosphorus with nitric 
acid, and then boiling the product with water. 

8. By the action of water upon phosphoric chloride and 
phosphoric oxytrichloride (see pp. 116 and 117). 

4. By the combustion of phosphoretted hydrogen in air or 
oxygen : — 

PH3 + 20, = POH03. 

Phosphoretted Phosphoric 

hydrogen. add. 
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5. By decomposing tricalcic diphosphate (bone-ash) with a 
large excess of sulphuric acid : — 

P,0,Cao"3 + 3SO,Ho, + 60H, = 2POH03 

Trioalde Snlphurio Water. f hoflpb<nric 

diphosphate. acid. aoid. 

+ 8SHo,Cao". 

Gypsum. Tetrahydrio 
calcio sulphate. 

Beaction, — ^When heated to 213° it produces pyrophos- 
phoric acid : — 

2POH03 = P,03Ho, + OH,. 

Phosphoric Pyrophosphorio Water, 

acid. add. 

The phosphates are a numerous and important class of salts. 
The following list contains some of the most interesting : — 

Common sodic phosphate ^ 
XSy&ric disodk pTiosphate) ] ^OHoNao,, 120H,. 

Trisodic phosphate PONaOg, I2OH2. 

Hydric sodic potassic phosphate POHoNaoKo, OHj,. 

. Apatite (FrancoUte) : . . P303Cao"/pCa"\ 

Triple phosphate (Diammonic 1 p^oAmo.Mgo'' 120H . 
dimagnesie diphospnate) ... J * 

Vivianite P,0,Eeo"3, 80H,. 

WaveUite .., P,0('Ar A)^> 120H,. 

Pyromorphite P303Pbo"Y2jPb"\ 



ABSENIC, As,. 

Atomic weight =75. Molecular weight =300. Molecular 
volvme rn . 1 litre of ^arsenic vapour weighs 150 criths, 
Sp. gr. 5-6 to 59. Volatile at 180°. Atomicitg '" and \ 
Mndenee of atomicity : — 
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Arseniuretted hydrogen As'^Hg.- 

Arsenious chloride A»'"Clg. 

Tetrethylarsonic chloride As^Et^Cl. 

Occurrence. — In nature, in various ores, and sometimes in 
the free state. In some mineral wat-ers, and in the water and 
mud of many rivers. In coal-smoke, and consequently in the 
air of towns. 

Preparation, — ^By reducing, with charcoal, arsenious anhy- 
dride, which is produced in the roasting of many ores : — 

A»,03 + 30 = ASa + SCO. 

Areenions Carbonio 

anhydride. oxide. 



COMPOUND OF ABSHmC WITS STDBOGEK 

ABSENIUSETTED HTDSOOEir, Jrsenunu HyMde. 

A«H,. 

Molecular weight =78. Molecular volume I I 1 . 1 litre weighs 
39 eriths. Boils at -40°. 

Preparation, — 1. In the pure state by the action of sulphuric 
acid on an alloy of arsenic and zinc: — 

A«,Zn"3 + 3SO,Ho, = SSO^Zno" + 2AaH3. 

Arsenious Sulphuric Zindo Arseniuretted 

zindde. acid. sulphate. hydrogen. 

2. By the action of nascent hydrogen upon soluble arsenic 
compounds, as by the introduction of arsenious acid into an 
apparatus evolving hydrogen : — 

ASH03 + 3H3 = ASH3 + 30H,. 

Arsenious Arseniuretted Water, 

acid. hydrogen. 

Reactions, — 1. When burnt with free access of air, it gives 
water and arsenious anhydride : — ^ 

2ASH3 + 30, = As.Og + 30H,. 

Arseniuretted Arsenious Water, 

hydrc^en. anhydride. 



''^ 
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2. When burnt with a limited supply of air, it yields water 
and free arsenic : — 

4A»H3 + 80^ a As^ « 60H,. 

Arsenioretted Water, 

hydrogen. 

3. When exposed to a red heat, it is decomposed into arsenic 
and hydrogen. 

4. Passed through a solution of argentic nitrate, it yields 
a precipitate of metallic silver, arsenious and nitric acids re- 
maining in solution :— 

6NO,Ago + 30H, + A«H3 « 6NO,Ho 

Argentic nitrate. Water. Arseniaretted Nitrioacid. 

hydrogen. 

+ A»Ho, + 3Ag,. 

Ar8env>ns add. 

COMPOUND OF ABSHmC WITS OSLOBINH. 

ASSENIOTIS CHLOEIDE. 
A.C1,. 
Molecular weight s 181*5. Molecular volume 1 I I . 1 litre of 
arsenious chloride vapour weighs 90*75 criths, Sp. gr. 2205 . 
Boils at 132°. 
Preparation, — 1. By the action of dry chlorine upon arse- 
nic: — 

As, + 3C1, = 2A»Cl3. 

Arsenious 
chloride. 

2. By distilUng arsenic with mercuric chloride (corrosive 
sublimate) : — 

As, + GHgCl, « 3'Hg',Cl, + 2A«Cl3. 

Iferoniio Sleroorous Arsenious 

chlwide. chloride. chloride. 

3. By distilling sodic chloride, arsenious anhydride, and sul- 
phuric acid : — 

As.Og + GNaCl -|- 6SO,Ho, = 2AaCl3 

Arsenious Sodic Sulphuric Arseuious 

anhydride. chloride. acid. chloride. 

+ 6SO,HoNao + 30H,. 

Hydric sodic Water, 

sulphate. 
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Beaction, — With excess of water it forms arsenious and 
hydrochloric acids : — 

AsCl, + 30H, = 3HC1 + AsHoa- 

ArBenions Water. Hydroohlo- Aneoiona 

chloride. rio add. add. 



COMFOTTJWS OF ARSENIC WITH OXTGJEN AND 

HTDROXTL, 

Arsenious anhydride As^Og. 

Arsenic anhydride AB^Og. 

Arsenious acid AsHoj. 

Arsenic acid AaOHOj. 

ARSENIOUS AlfHYDRIDE, Arsenic, White Arsenic, White 

Oxide of Arsenic. 

A«,0,. 

Molecular weight =198. Molecular volume D. 1 litre of 
arsenious anhydride vapour weighs 198 criths {anomalous); 
Sp. gr. 3-7. 

Occurrence. — Very rare in nature. 
Preparation, — 1. By burning arsenic in air or oxygen. 
2. By roasting arsenical ores in certain metallurgical opera 
tions. 

ABSENIOUS ACID. 

AaHoj. 
Molecular weight a=126. 

Only known in solution. 

Arsenious acid forms many salts, of which the following are 
examples : — 

Dihydric potassic arsenite {Fowler^s 
solution) AsHojiKo. 

Hydric cupric arsenite {Scheele^s 
green) AsHoCuo". 

Triargentic arsenite ' AsAgo,. 



ARSENIC ACID. 
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A monobasic arsenious acid, AsOHo, corresponding to ni- 
trous acid, appears to exist, one of its compounds, AsOAmo, 
being known. Arsenious acid when boiled with cupric ace- 
tate yields Schweinfurt green, dAMfijDuo", CxL(^C^'EfiX - 



ABSENIC ANHTDBIDE. 

ASjOj. 
Molecular weight =230. 

Preparation. — By heating arsenic acid nearly to redness \ — 



2ASOH03 


= 30H, + A«,0,: 


Arsenic acid. 


Water. 


Arsenic 
anhydride. 


ABSENIC ACID. 






A8OFO3. 




Molecular weight = I4i2. 


> 




Preparation. — By treating arsenious 
acid : — 


anhydride with nitric 


As^O, + 2NO,Ho 


+ 20H, = 


2AaOHo3 + NA. 


ArsenioDS Nitric acid, 
anhydride. 


Water. 


Arsenic add. Nitrons 

anhydride. 


Salts are known deriyed from acids of the three following 


formula : — 






A«0,Ho, 

Metarmnic add. 


A«OHo„ 

Arsenic add. 


A»,03Ho„ 

Fyrarsenic add. 


corresponding 
to 


corresponding 
to 


corresponding 
to 


PO,Ho, 

Metaphoephoric 
add. 


POH03, 

Fhoepharic 
add. 


Pyrophoapborio 
adcL 


and 






NO,Ho. 

Nitric add. 
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COMPOUNDS OF AB8ENIG WITH ST7LPRUB AND 

STDBOSULPSTL. 

Eealgar ^j^!. ='Aa\8% 

Sulpharsenioas anhydride (Arsenious 1 * «/' 
sulphide) '. J '^ »' 

Sulpbarsenic anhydride (Arsenic sul-} a^ ^n 
pUde) |^^i» 6- 

Scdpharsenioua acid AsHsg. 

Sulpharsenic acid AsS"Hs3. 



BEALGAB, Diarsenious DisulpMde. 
'As",S%or{^^::. 

Molecular weight =214. Sp, gr. 3'5. 

Occurrence, — Found native. 

Preparation, — By heating sulphur with arsenious anhy- 
dride :— 

S, + 2As,03 = 3S0, + 2'Am\S\. 

Arsenioqs Salphnrous Bealgar. 

anhydride. anhydride. 



STTLPHABSENIOUS AKHTDRIDE, Jrseniota Sulphide, 

Orpiment. 

Molecular weight =246. Sp, gr. 3*5. 

Occurrence. — ^Found native. 

Preparation, — ^By passing sulphuretted hydrogen through a 
solution of arsenious anhydride in hydrochloric acid : — 

2ASCI3 + 3SH, = 6HC1 + As.S'V 

Arsenious Solphorettsd Hydrochloric Arsenioaa 

chloride. hydrogen. add. Bulphide. 



ANTIMONY. 129 

Beaction. — Arsenious sulphide dissolves in caustic alkali, 
producing an arsenite and a sulpharsenite : — 

As,S"3 + 40KH = AsHoKo, + AsHsKs, + OH,. 

Arsenious Potasaio Hydricdipo- Solphbjdrio Water 

sulphide. hydrate. taanc arsenite. disnlphopotaaaio 

snlpharisenite. 

By the addition of an acid, the arsenious sulphide is repre- 
cipitated i' — 

AaHoKo, + AsHsKs, + 4HC1 « 4KC1 

Hjdric dipotas- Sulphhydric Hydrochlorio Potasaio 

sic arsenite. disulphopotassio aoid. chioride. 

sulpharsenite. 

+ A«,S", + 30H,. 

Arsenious Water, 

sulphide. 

Proustite is a native sulphargentic sulpharsenite, AsAgSg. 



SITLFHAESENIC ANHTDBIDE, Arsmic Sulphide. 

As^S^g. 
Molecular weight =^310. 

Preparation, — "By fusing together arsenious sulphide and 
sulphur. Sulpharsefliates may be obtained by passing sulpbu- 
retted hydrogen through solutions of arseniates : — 

AsOHolSraOa + 4SH, « AsSHsNas, + 40H,. 

Hydrie disodio Sulphuretted Sulphhydric disulpho* Water, 

arseniate. hydrogen. sodio sulpharseniate. 



ANTIMONY, Sb, ? 

Atomic weight =122. Proldbte molecular weight =488. Sp. 
gr. 6*7. Fuses at 430°. Atomicity '" and^, jEvidence of 
atomicity X — 

Antimonious chloride Sb'^'Clj. 

Antimonic tetretho-chloride 1 fivl^^t; PI 
(Tetrethyl-stihonic chloride), j * 

Antimonic chloride ,^. SVCl j. 

K 
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Ocetirrenee. — ^To a small extent in tlie native state. Alloyed 
with metals in a few minerals. Sometimes in the form of 
oxide, but principally in the form of grey antimony ore or 
stibnite, which consists of antimonious sulphide. 

JBrepa/ration, — 1. By fusing the native sulphide and intro- 
ducing metallio iron, which removes the sulphur ; — 

Sb,S"3 + 3Fe = 3PeS" + Sb,. 

Antimonioiu Ferrona 

sulphide. sulphide. 

2. The native sulphide is roasted in contact with the air, 
when it is partially converted into antimonious oxide : — 



2SSb,S", + 


90, 


= 2Sb,0, + 6S0,. 


Antimonious 




Antimonious Sulphurous 
oxide. anhydride. 


sulphide. 





The roasted mineral is then fused with charcoal and sodic 
carbonate. The reaction takes place in two stages : first, the 
remaining sulphide is converted into oxide by the sodic carbo- 
nate, and subsequently the oxide is reduced by the carbon: — 

1. Sb,S"3 + SCONao, = 3C0, -H 3SNa, + Sb,03 ; 

Antimonious Sodic Carbonic Sodio Antimonious 

sulphide. carbonate. anhydride. sulphide. oxide. 

2. Sb,0, + 3C = 3C0 + Sb,. 

Antimonious ' Carbonic 

pxide. oxide. 

3. Antimony may be obtained in the pure condition by 
reducing, with charcoal, the oxide formed by the action of nitric 
acid upon crude antimony. 



COMPOUND OF ANTIMONY WITH SYDSOGUN 

ANTIMONITJBETTED ETDROOEN, Antimonious Hyd/ride. 

SbHg. 
Molecular weigM esl25. 

This compound is unhoown lU the pure condition. 
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Preparation. — 1, By the action of hydrochloric acid upon an 
alloy of zinc and antimony : — 

Sb,Zn"3 + 6HC1 = 2SbH3 + 3ZnCl,. 

Antimonious Hjdrochlorio Antimonions Zincio 

zincide. aoid. hydride. chloride. 

2. By the action of nascent hydrogen evolved from zinc and 
sulphuric acid upon ppluble antimony compounds, In both 
these reactions the antimonious hydride is always mixed with 
much hydrogen : — 

SbClg + 3H, = SbHg + 3HC1. 

Antimonious Antimonious Hydrochloric 

chloride. hydride. acid. 

Beactions. — 1. When burnt in air or in oxygen, it yields 
water and antimonious oxide : — 

2SbH3 + 30, = Sb.O, + 30H,. 

Antimonious Antimonious Water, 

hydride. oxide. 

2. When burnt with a limited supply of air the hydrogen 
only is oxidized, the antimony being deposited : — 

4SbH3 + 30, = Sb, + eOH,. . . 

Antimonious Water, 

hydride. 

3. Decomposed into its elements, like arsenious hydride, 
when passed through a red-hot tube. 

4. When transmitted through a solution of argentic nitrate, 
it produces a precipitate of antimonious argentide, thus dif- 
fering from arsenious hydride (see p. 125) : — 

3NO,Ago + SbHg = 3NO,Ho + SbAg3. , 

Areentio Antimonious IT^itrio Antimonious 

nitrate. hydride. acid. argentide. 

Prom the composition of this compound, and from that of 
some of its analogues, the composition of antimonious hydride 
is inferred. 

Antimonious hydride..., SbHg. 

Antimonious bromide SbBrg. 

Antimonious argentide Sb Agg. 

k2 
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Antimonious zincide Sb2Zn"3. 

Antimonious etbide. (Triethylstihine.) SbEtg. 
AntimoniouB amylide. {TriamyUtihme.) SbAjg. 



COMPOUNDS OF AITTIMONT WITS CRLOEINE. 

Antimonious cbloride SbClj. 

Antimonic chloride SbCl^. 



ANTniONIOUS CHLORIDE. 

SbCla. 

Molecular wetffht = 228*5. Molecular volume 1 1 I . 1 litre of 
antimonious chloride vapour weighs 114*25 criths, Fuses 
at 72^ Boils at 223^. 

Preparation. — 1. By passing chlorine over excess of metallic 
antimony op antimonious sulphide, and purifying by distil- 
lation : — 

Sb, + 3C1, = 2SbCl3. 

Antimonious 
chloride. 

2Sb,8", + 9C1, = 4SbCl3 + 3'S',C1,. 

Antimonioiu Antimonions Disnlphnr 

Bolphide. chloride. dichloride. 

2, By dissolving antimonious sulphide in hydrochloric acid, 
or antimony in hydrochloric acid containing a little nitric acid, 
evaporating and distilling the product : — 

Sb,S"3 + 6HC1 = 8SH, + 2SbCL. 

AntimoniouB Hjdrochloric Solphnretted Antimonions 

sulphide. acid. hydrogen. chloride. 

Sbj+6HC1 + 6NO,Ho - 2SbCl, + 60H, + 3'N",0,, 

Hjdrochlorio Nitric Antimonions Water. Nitric 

acid. add. chloride. peroxide. 



J 
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8. By distilling antimony or antimoiiious sulpliide with 
mercuric chloride: — 

Sb, + 4H6C1, = 2SbCl3 + 'Sb",Hg", + 'Hg'.Cl,. 

Mercorio Antimonious Dimeroaric JiferciirouB 

chloride. chloride. diantimonide. chloride. 

Sb,S", + SHgCl, = 2SbCl, + 3Hg8". 

Antimonious Mercuric Antimonious Merourio 

sulphide. chloride.; chloride. sulphide. 

4. By distilling antimonious sulphate with sodic chloride : — 
. S30eSbo"', + 6NaCl = 2SbCl3 + 8SO,Nao,. 

Antimonious Sodic Antimonious Sodio 

sulphate. chloride. chloride. sulphate. 

Beaetion. — ^With water it produces antimonious oxychlo- 
ride : — 

SbClg + OH, = 2HC1 + SbOCl. 

Antimonious Water. Hjdroohlorio Antimonious 

chloride. acid. ozydilori^e.j 

Long-continued action of water transforms this compound 
into antimonious oxide : — 



2SbOa 


+ 


oh; 


= 2HC1 + Sb,0,. 


Antimonious 




Water. 


Hydroohlorio Antimonioas 


oiychloride. 






acid. oxide. 



ANTIKOKIC CHLOSISK 
SbCl,. 
Molecular iveijht =>299'5. Fuses at 0°. 

Preparation. — 1. By acting upon antimony with excess of 
chlorine : — 

Sb, + 5C1, = 2SbCl.. 

Antimonio 
chloride. 

2. By passing chlorine over antimonious chloride, the latter 
liquefies, producing antimonic chloride : — 

SbCIj + CI, = SbCl^. 

Antimonious Antimonio 

chloride. chloride. 
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Beaetiona. — 1. "With a small quantity of water it forms 
antimonic oxy trichloride, analogous to phosphoric oxjtrichlo- 
ride: — 

. SbCl, + OH3 = SbOCla 4- 2HCL 

Antimonio Water. Antimonio Hydrochloric 

chloride. oxytriohloride. acid. 

2. An excess of water transforms antimonic chloride into 
orthantimonio acid or pyrantimonic acid, corresponding to 
pyrophosphoric acid : — 

SbCl, + 4OH2 = SbOHo3 -h 5HC1: 

AntunoniQ Water. Orthantimonio Hjdroohlorio 

chloride. < acid. acid. 

or2SbCl, + 70H, = Sb,0,Ho, + lOHCl. 

Antimonic ' Water. Pyrantimonic Hydrochloric 

chloride. acid. acid. 

3. By the action of sulphuretted hydrogen antimonio sul- 
pho trichloride is formed: — 

SbCl, + SH, = SbS"Cl3 -f 2HC1. 

Antimonio Sulphuretted Antimonic Hydrochlorio 

chloride. hydrogen. sulphotrichloride. acid. 

Antimoniom bromide, SbBrg, resembles antimonious chloride ; 
it fuses at 90°, boils at 270°, and by the action of water is 
converted into the oxybromidey SbOBr. 

Antimonious iodide, Sbl^, when acted upon by water forms 
the oxyiodide, SbOI. 

The cQTve&^onAisMg fluoride, SbFg, is said to exist mid to be 
soluble in water without decomposition. 



OXIDES AND ACIDS OF ANTIMONY. 

Antimonious oxide or anhydride Sb^Og. 

Diantimonie.tetroxide 'Sb^^^^O^. 
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Antimonic anhydride Sb^Oj. 

Metantimonious acid SbOHo. 

Ortliantimonic acid SbOHOg? 

Metantimonic acid SbOaHo. 

Pyrantimonic acid Sb^OjHo^. 



ANTHCONIOUS OXIDE, 0£ ANHTSKIBK 

Sb,03. 
Molecular weight s=s292. 

Odcurrence, — In nature in the rare wmevdiH&valentinite and 
s^armontite. 

Preparation, — 1. By burning antimony in air : — 

2Sb, + 3O3 + 2Sb,03. 

AntimomouB 
oxide. 

2. By pouring a solution of antimonious chloride in dilute 
hydrochloric acid into a boiling solution of sodic carbonate : — 

2SbCl3 + 3CONao2 = S\0^ + 3C0, + GNaCl. 

Antimonious Sodio Antimonious Carbonic Sodio 

chloride. carbonate. oxide. anhydride. chloride. 

3. By heating metantimonious acid to the temperature of 
boiling water : — 

2SbOHo = OH, + Sb.Og. 

Metantimonious Water. Antimonious 

acid. oxide. 

« 

JSeactions. — 1. When heated to redness in the air, it bums 
like tinder, forming diantimonic tetroxide : — 

Sb,03 -h = 'Sb^O,. 

Antimonious Piantimonio 

oxide. tetroxide. 
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METANTIMOKIOUS ACID. 



2. Eeadily reduced to the metallic state by ignition with 
charcoal, hydrogen, &c. 



Sb.Oa + 

Antimonioaa 
oxide. 



C, = Sk + SCO. 



Carboni: 
oxide. 



SbA + 3H, = Sb, + 80H,. 



Antimonious 
oxide. 



Water, 



3. Eeadily dissolved by a hot solution of hydric potassic tar- 
trate (cream of tartar), forming potassic antimonylic tartrate 
(tlartar emetic) : — 



rCOHo 
CHHo 
CHHo 

LCOKo 

Hydric potassic 

tartrate (Cream 

of tartar). 



+ Sb.O, = 2-^ 



Antixnonious 
oxide. 



rco(Sb"'o„) 

CHHo 

CHHo 

,COKo 

Potassic antimonylic 

tartrate ^Tartar 

emetic). 



+ OH,. 



Water. 



4. Dissolved by hydrochloric acid, forming antimonious 
chloride : — 

SbA + 6HC1 = 2SbC)3 + 30H,. 

Antimonious Hydrochloric Antimonious Water. 

oxide. acid. chloride. 



UETANTIICONIOUS ACID. 

SbOHo. 
Molecular weigM =165. 

Preparation, — By pouring a solution of antimonious chloride 
into a cold solution of sodic carbonate : — 



2SbCl, 


+ 


SCONao^ + 


OH, = 


2SbOHo 


Antimonious 
chloride. 




Sodic 
carbonate. 

+ 3C0, + 


Water. 

eNaCI. 


Metantimonious 
acid. 


« 




Carbonic 
anhydride. 


Sodie 
chloride. 





ANTIMONIC ANHYDRIDE. 
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BeaeiiofU* — 1. Decomposed by heat (page 135). 
2. Eeadily dissolved by alkdine hydrates, producing ill- 
defined antimonites. 



DIANTIMONIC TETBOXIDE. 

tsbOa •" 

Molecular weight =308. 

Occurrence. — ^Found native as cervantite, 

^Preparation, — 1. By igniting antimonic oxide, or the white 
solid produced by the action of nitric acid upon metallic anti- 
mony : — 

2Sb,0« = 2'Sb*^,0, + O^. 



Antimonio 
oxide. 



Diantimonio 
tetrozide. 



2. By heating antimonious oxide in contact with the air : — 



2Sb,03 

Antimonious 
oxide. 



0, = 



2'Sb'%0,: 

Diantimonio 
tetroxide. 



ABimOinC OZIBE OB ANHTSBIDE. 

Sb,0.. 

Molecular weight =324. 8p, gr. 6'Q. 

Preparation, — By gently heating the corresponding acids:- 



2SbOHo, 


= Sb,0, 


+ 


30H,. 


Orthantimonic 
acid. 


Antimonio 
anhydride. 




Water. 


2SbO,Ho 


= Sb,0, 


+ 


OH,. 


Hetantimonio 
acid. 


Antimonio 
anhydride. 


» 


Water. 


SbAHo, 


= Sb^O, 


+ 


20Hj. 


Fyrantimonic 
add. 


Antimonio 
anhydride. 




Water. 
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MSTANTIMONIC ACID. 



Beactions. — 1. "When heated, it is decomposed into dianti- 
moriic tetrojdde and oxygen (see page 137). 

2. Eased with potassic carbonate, it produces potassio met-< 
antimoniate : — 



Sb,0, + 


COKo, 


= 2SbO,Ko + CO,. 


Antimonio 
anhydride. 


Potassio 
oarbonste. 


Potassio Carbonic 
metantimoniate. anhydride 



ORTHANTIMOiriG ACID? 

SbOHo3? 

Preparation. — Said to be formed by the action of water upon 
antimonic chloride (see p. 134*), 



METANTIMONIC ACID. 

SbO^Ho. 

Preparation. — 1. Bj the action of nitric acid containing a 
little hydrochloric acid on metallic antimony : — 



Sb„ + 4NO,Ho = 2SbO,Ho + 



Nitric add. 



Metantimonio 
acid. 



!N'itrou8 
anhydride. 



Nitric oxide. 



OH,. 

Water. 



2. By the spontaneous dehydration of orthantimonic acid, or 
of pyrantimonic acid : — 



SbOHo3 

Orthantimonio 
acid. 

Sb,03Ho, 

Pyrantimonic 
acid. 



= OH, + SbO,Ho; 

Water. Ketantimonio 

acid. 



= OH, 

Water. 



+ 2SbO,Ho. 



Metantimonic 
acid. 
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Reaction. — Bj the action of alkaline hydrates it produces 
either metantimoniates or orthantimoniates : — 

SbO,Ho + OKH = SbO,Ko + OH,; 

lyietantimonio PojtMSio . . FotanKc Water, 

acid. ' hydrate. metantimoniate.' 



SbO,Ho + OKH = SbOHo,Ko. 

tfetantimonio Fotassio Dihydrio potassic 

Mid. hydrate. ortoantunouiate. 



PTBANTIMOinC ACID, Parantimonio Acid, 
(JMetanthnonio acid of Fremi/.) 
Sb,03Ho,. 

Frepa/ration* — ^By acidifying solutions of pyrantimoniates : — 

Sb,03Ko,Ho, + 2HC1 = Sb.OgHo, + 2KC1. 

Dihydric dipo^sio Hydrochlorio Pyrantimonio Potassio 

pyrantimoniate. add. add. diloride. 

Dihydric dipotassic pyrantimoniate is prepared by fusing an- 
timonic anhydride with excess of potassic hydrate, and extract- 
ing the mass with water, when an alkaline solution containing 
dihydric dipotassic pyrantimoniate Sb^OgHOaKOj, is formed. 
This solution produces precipitates in solutions of sodium 
salts, the sodic pyrantimoniate thus formed containing 
Sb,0,Ho,Nao„ 60H,. 



COMPOUND OF ANTIMONY WITR OXYGEN 

AND SULPHUB, 

ANTIMONIOUS OXTDISULPHIDE. 

f SbS" ' 
O =Sb,S''0. 
SbS" 

Molecular weight =324!. 

Occurs as a rare mineral known as red antimony. 
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COMPOUNDS OF ANTIMONY AND SULFIIUS. 

Antimonious sulphide Sb2S"3. 

Autimoiiic sulphide S1>23'V 



ANTIKONIOITS SULPHIDE, Sulpliantimonious Mlydride. 

Sb^S^'j. 
Molecular weight 3=340. 

Occurrence, — In nature as sttbnite or grei/ antimony ore. 
JPreparation. — 1. By heating together antimony and sulphur, 
or antimonious oxide and sulphur in the proper proportions:— 

2S\ + 3S, = 2Sb,S"3. 

Antimonious 
sulphide. 

2Sb,0, + S, = 2Sb,S", + 3S0,. 

Antimonious Antimonious Solphurous 

oaide. sulphide. anhydride. 

2. By passing sulphuretted hydrogen through a solution of 
antimonious chloride : — 

2SbCl3 + 3SH, = Sb,S"3 + 6HCh 

Antimonious Sulphuretted Antimonious Hydrochloric 

chloride. hydrogen. sulphide. acid. 

Beactions, — 1. Decomposed by hot hydrochloric acid (see 
p. 132). 

2. Soluble with decomposition in solutions of alkaline by- 
drates : — 

Sb,S''3 + 6KHo = SbKs3 + SbKog + 30H,. 

Antimonious Fotassio Tripotassio IMpotassio Water, 

sulphide. hydrate. sulphanti- antimonite. 

monite» 

Addition of an acid reproduces and precipitates the antimo- 
nious sulphide :— 

SbKs3 + SbKo3 + 6HC1 = Sb.S^g + 6KC1 + 30H,. 

Trisulpho- Tripotassio Hydro- Antimo- Fotassio Water. 

potassic antuuonite. chloric nious chloride, 

smphanti- acid. sulphide. 

monite. 
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3. Soluble in alkaline sulplihydrates : — 

Sb,S", + 6KHs = 2SbK83 + 3SH,. 

Antimonious Fotassic Trisulphopotossio Sulphuretted 

sulphide. sulph- sulphanti- hydrogen. 

hydrate. monite. 



SVLFHAKTIKONITES. 

Many sulpliantimoiiites occur in nature : — 

OrthosuJphantimonites, 
General formula : — SbMsg and Sb^Ms'V 

Dark-red silver. TrisulpJiargen tic sulphan- 

timonite SbAgSj, 

Boulangerite. Trisulphoplumbio sulphan- 

timonite Sb^Phs 'g. 

Bournonite. Disulphoplumbio sulphocu- 
prom sulpTiantimomte Sb^'PhB'\(Ca^^"^y\ 

Metaaulphantmonites* 
General formulcB :— SbS"Ms and Sb,S",M3 '. 

Miargyrite. Sulphirgentic metasulphan- 

timonite SbS"Ags. 

Zinkenite. Sulphoplunibic metasulphanti" 

monite Sb,S",Pb8". 

Antimony copper glance. Sulphocuprous 

metasuIpJiantimonite SbjS"2(CUaS"2)". 

Berthierite. Sulphoferrous metasutphan' 

timonite' Sb^S^^Pes". 



Pj/ro9ulphantimonite8, 
General formula :S\S'"Mi9^ and Sb.S'Ms'V 

Feather ore. Sulphoplumhic pyroaulphan' 

timonite \ Sb,S"Pbs",. 

Pabl ore. Sulphocuprosoferrous pyrosulph' 
antimonite Sba8"(Cu,PeS"3yV 
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ANTIHONIC SULPHIDE, Sulphantimonie Anhydride, 

Molecular weight =404. 

Preparation. — 1. By passing sulphuretted hydrogen through 
a solution of antimonic chloride : — 



2SbCI, 


+ 5SH, = 


Sbj^S'^g 


+ lOHCl. 


Antimonio 
chloride. 


Snlphtiretted 
hydrogen. 


Antimonic 
Bolphide. 


Hydrochloric 
acid. 



2. By the addition of an acid to a solution of a sulphanti- 
moniate : — , 

2SbS"]Sras3 + 6HCI = Sb,S", + 6NaCl + 8SH,. 

Trisulphoaodio Hydro- Antimonio Sodio Bulphu« 

Bulphantimoniste. chloric sulphide. chloride. retted 

acid. * hydrogen. 

Reactions, — 1. Decomposed by boiling hydrochloric acid, into 
antimonious chloride, sulphuretted hydrogen, and sulphur : — 

Sb,S", + 6HC1 = 2SbCl3 + 3SH, + S,. 

Antimonic Hydro- Antimonious Sulphu- 

sulphide. cmorio chloride. retted 

acid. hydrogen. 

2. Soluble in solutions of alkaline sulphides :— 

Sb,S", -f 3SB; - 2SbS"Ks3. 

Antimonic Potassio Trisulphopotassio 

sulphide. sulphide. sulphantimoniate. 

3. Soluble in solutions* of alkaline hydrates : — 

4Sb,S^', + 240KH = 3SbOKo3 + SSbS'^Ksg + 120H,. 

Antimonic Fotassic Tripotassio Trisulphopotassic Water, 

sulphide. hydrate. antimoniate. sulphanti- 

moniate. 



i 
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BISinTTH, Bi, P 

Atomic weight =208. S^. gr, 9-83. l^me% at 265°. Atomicity 
'" and ^ Evidence of atomicity : — 

Bismuthous chloride Bi'^'Clg. 

Bismuthous oxide Bi"'203. 

Bismuthous ethide Br'Etg. 

Bismuthous dichlorethide Bi'"EtCl,. 

Bismuthie anhydride VH'fi^ . 

Occtirrence. — Principally in the metallic state in nature. 

Preparation. — 1. On a large scale by fusion and separation 
from earthy impurities. 

2. It may be obtained in the pure state by dissolving com- 
mercial bismuth in nitric acid, precipitating the basic nitrate 
by addition of water, and reducing the precipitate by ignition 
with charcoal. 

No compound of bismuth with hydrogen is known. 



COMPOUJSTD OF BISMUTH WITH CHLOBINH. 

BISMUTHOUS CHLORIDE. 

BiCl3. 

Molecular weight =314*5. Molecular volume \ I I . 1 litre of 
bismuthous chloride vapour weighs 157*25 criths. 

Preparation, — 1. By passing dry chlorine over metallic bis- 
muth : — 

Bi, + 3C1, = 2BiCl3. 

Bismnthous 
chloride. 

2. By evaporating a solution of bismuth in hydrochloric acid 
containing a little nitric acid, and distilling. 



I 

i 
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3. By distilling metallic bismuth with mercuric chloride : — 
Bi, + GHgCl, = -23101, + 3'Hg',Cl,. 

Mercurio Biamuthous Meroorous 

chloride. chloride. chloride. 

Beaction. — ^By the addition of water it is decomposed, form- 
ing bismuthous oxychloride : — 

BiClg + OH, = BiOCl + 2HC1. 

Bismuthons Water. Biamathous H^drochlo- 

chloride. oxychloride. rie acid. 

The following compounds are also known : — 

Bismuthous bromide BiBr,. 

Bismuthous iodide Bilg. 

Bismuthous fluoride BiFg. 

Bismuthous'oxybromide BiOBr. 

Bismuthous oxyiodide BiOI. 

{BiCl . 
Bicf 



COMPOUNDS OF BISMUTH WITH OXYGBIf 

AND HTDBOXTL. 

Dibismuthous dioxide \ BiO 

Bismuthous oxide ^^aOg. 

Dibismuthic tetroxide 'Bi^'jO^. 

Bismuthic anhydride Bi^Og. 

Bismuthous oxy hydrate, or meta- 1 wjqtTq 

bismuthous acid .....J 

Metabismuthic acid BiO^Ho. 



BI8HUTH0ITS OXIDE. 
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BISMT7TH0US OXIDE. 

Molecular weight =4i64i. 1^, gr. 8'2. 

Occurrence, — ^As the rare mineral hisfiHUh ochre, 
Preparation. — 1. Bj burning bismuth in air or oxygen. 
• 2. By heating the nitrate, carbonate, or hydrate : — 



2N,O.Bio"' 


= Bi,0, + 3N,0, + 


80,. 


Binniithoiia 


BiBmnthons ITitrotu 




nitrate*. 


oxide. anhydnde. 





2NO,(Bi"Ho,0) = Bi,0, + 20H, + N,0, + 0,. 

fiismuthoiiB nitrate Bismnthoua Water. Nitrona 

dihjdratef. oxide. anhydride. 

CO(BiO,), = Bi,0, + CO.. 





Bismnthylio 
carbonate!. 


Bismnthoos 
oxide. 


Carbonio 
anhydnde. 




2BiOHo » 


BiA + 


OF,. 




Bismothona 
oxyhrdrate. 


Bismnthons 
oxide. 


Water. 




o-x=o 


H 




1 


o 










* Bi 


t ^: 


Bi~0— J^ 




? 0^ \ 9 


o' 


II 

O 




|/ ^1 


^ 






h 








Bisnmthons nitoate. 


Bismnthons nitrate dihydrate. 



o 



t 1 

0=-Bi-0-€— -Bi=«0. 

Bismntiiylio carbonate. 



146 BISMUTHIC OXIDE. 

8. By boiling bismutliouB hydrate in solution of potassic hy- 
drate, whereby it is converted into bismuthous oxide with loss 
of water. 

Eeactions, — Dissolved by hydrochloric, nitric, and sulphuric 
acids, forming the bismuthous chloride, nitrate, and sul- 
phate : — 



BiCl,. 


N,0,Bio"'. 


S.O.Bio"',. 


Binnuthoas 


BiBmnihoaB 


figmnthonB 


chloride. 


nitrate. 


sulphate. 



BISHITTHOUS OXTHTDEATE, MeteJtwmuthous Add. 

BiOHo. 

Preparation. — By pouring a solution of bismuthous nitrate 
in dilute nitric acid iato dUute ammonia or potassic hydrate, 
and drying the precipitate, which, at first, probably contains 
orthobismuthous acid : — 

N30eBio'" + 30KH = BiHo3 + 3NO,Ko. 

BismntiioaB Potassic OrthobismnihoiiB Potassic 

nitrate. hydrate. acid. nitrate. 

BiHog = BiOHo + OH,. 

Orthobismathoas Metabismuthons Water. 

add. add. 

Beaction, — By heat or by boiling with caustic alkali, water 
is expelled, and bismuthous oxide formed (see p. 145). 

An unstable metabismuthite is produced by fusing bismu- 
thous oxide with sodic carbonate : — 

Bi,0, -I- CONao, = 2BiO]S'ao + CO,. 

BismnthoTifl Sodic Sodic Carbonic 

* oxide. carbonate. metabismnthite. anhydride. 



BISMUTHIC OXIDE, OR AITHTBSIDE. 

Bi.0.. 

Preparation. — By heating bismuthic acid to 130°. 
Beactions, — 1. When heated to the boiling-point of mer- 



METABISMUTHIC ACID. 
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cury, it loses oxygen, being converted either into bismuthous 
oxide or dibismuthio tetroxide : — 



Bi,0, 

Binnathio 
oxide. 

2Bi,0, 

Bismuthia 
oxide. 



BIA 

Bismuthous 
oxide. 



+ o, 



= 2'Bi",0. + 0,. 



Dibismnthio 
tetroxide. 



2. When heated in a current of hydrogen, it is readily reduced 
to bismuthous oxide. 

3. Heated with hydrochloric acid, it evolves chlorine, produ- 
cing bismuthous chloride and water : — 

+ lOHCl = 2BiCl3 + 50H, + 2CL,. 



Bismnthio 
oxide. 



Hydroohlorio 
acid. 



Bismuthous 
chloride. 



Water. 



4. Sulphurous acid converts it into bismuthous sulphate : — 



3Bi,0, + 6SOH0, = 2S30eBio'", + BiA + 60H,. 

Biamuthio Sulphurous Bismuthous Bismuthous 

oxide. acid. 



Water. 



sulphate. oxide. 

6. "When heated with sulphuric or nitric acid, it evolves 
oxygen, producing bismuthous sulphate or nitrate : — 



Bi,0, 

Bismuthio 
oxide. 

Bi,0. 

Bismuthio 
oxide. 



+ 3SO,Ho, 

Sulphuric 
acid. 

+ 6NO,Ho 

Kitrio 
acid. 



= S.O.Bio"' + 30H, + 



Bismuthous 
sulphate. 

2N,0,Bio"' 

Binnuthous 
nitrate. 



+ 



Water. 



30H, 

Water. 



+ 



a » 



o.. 



KETABISMUTHIC AQD. 

BiO,Ho. 

Preparation, — Obtained as a red deposit by passing chlorine 
through a solution of potassic hydrate containing bismuthous 
oxide in suspension : — 

40KH + 2C1 + Bi^Og t 



Potassio 
hydrate. 



Bismuthous 
oxide< 



2BiO.Ho + 4KC1 + OH,. 

Hetabismuthio Potamc Water, 

acid. diloride. 

1.2 
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BeacHon. — ^Dissolres in hot solution of potassic hydrate. B y 
the addition of an acid to the liquid, a salt, said to hare the 
composition 

Bi,0,HoKo, 

is precipitated. 



COMPOUNDS OF BISMUTH WITS SULPHUR, 

Dibismuthous disulphide 'Bi",S",. 

Bismuthous sulphide BijjS"3. 



DIBISMITTHOVS DISULPHIDE. 

I BiS"' ^^ '^i'^S'^ 
Molecular ufeiyht =480. Sp, gr, 7*3 . 

Preparation, — By fusing bismuth and sulphur together in 
the proper proportions. 



BISMUTHOUS SULPHIDE. 

Bi^S'V 

Molecular weight =512. Sp, gr. 6*4. 

Occurrence, — ^As the rare mineral bismuth glance. 
Preparation, — 1. By fusing sulphur and bismuth in the 
proper proportions, 

2. By precipitating bismuth solutions by sulphuretted hy- 
drogen : — 

2BiCl3 + 3SH3 = Bi,S", + 6HCL 

Bismuthons Bttlphnretted Bismuthous Hydroohlorio 

chloride. hydrogen. Bulphide. acid. 
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Beaction. — This compound is not dissolved by alkaline hy- 
drates or snlphhydrates. 

A few sulphobismuthites are found in nature : — 

Xobellite. SulphopltmbicsuJphohmnuthite. BiaPbs",, 
Needle ore. DieulphoplnmhiC'dicuprotis i q. p, ,, y,r^ , « ^ 
sulphoJnsmuthUe J ^ * ** 



BISMUTHOUS DITELLUEO-SULPHIDE. 

Bi,Te",S". 
Sp, gr. 7-5 to 7'8. 

Occwrrence, — In nature, as telluric bismuth or tetrad^mite. 



CHAPTER XVIL 

MONAD ELEMEIi^TS. 

Section III. 
POTASSIUM, K,. 

Atomic weight =39. JProhahle molecular weight =78. Sp. gr, 
0*865. JEhises at 55^. Boils at alow red heat Atomicity*. 
Evidence of Atomicity : — 

Potassic chloride KCl. 

Potassic iodide KI. 

Potassic hydrate KHo. 

Potassic sulphide SKjj. 

• 

Occurrence, — In rocks in the form of silicate, and in soils 
partly as carbonate. As chloride in solid saline deposits. 
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In the juices of almost all plants, generally in combination 
with organic acids. 

In sea-water and in most mineral waters. 

Preparation. — 1. By the action of a powerful voltaic current 
upon potassic hydrate, when potassium and hydrogen are libe- 
rated at the negative pole : — 

20KH = K, + H, + O3. 

Potassio 
hydrate. 

2. By submitting potassic hydrate to the action of metallic 
iron at a strong white heat : — 

40KH -f SFe = ^^(Pe,)^©, + 2K, + 2H,. 

Potassio lutagnetic iron 

hydrate. oxide. 

3. By igniting hydric potassic tartrate (cream of tartar) out 
of contact with air, and subsequently mixing the residue, con- 
sisting of potassic carbonate and carbon, with charcoal, and 
distilling at a very high temperature : — 

Pirst operation : — 



2< 



OOKo 
CFHo 
CHHo - 


COKo, + 5OH2 + 4C0 


COHo 

Hydric 
potassio 
tartrate. 

COKo, 


Potassic Water. Carbonic 
carbonate. oxide. 

Second operation : — 

+ 2C = 3C0 + K,. 


Potassio 
carbonate 


Carbonic 
oxide. 



-h 3C. 



Seactions. — 1. Potassium decomposes water at the common 
temperature with great energy, the heat evolved being suffi- 
cient to cause the ignition of the liberated hydrogen ; — 
K, + 20H, = 2KHo + H,. 

Water. Potassic 

hydrate. 

2. When potassium is ignited in a stream of carbonic anhy- 
dride, a portion of the latter is decomposed : — 

2K3 + 3C0, = 2COK0, + C. 

Carbonic Potassic 

anhydride. carbonate. 



FOTASSIC HYDBATE. 
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COMPOUNDS OF POTASSIUM WITS CHLORINE, 
BBOMINU, IODINE, AND FLUORINE. 

Potassic chloride : . . KCl. 

Potassic bromide KBr. 

Potassic iodide KI. 

Potassic fluoride KF. 

Potassic iodide is prepared by digesting iron filings, water, 
and iodine together, filtering the colourless solution, and pre- 
cipitating the iron by potassic carbonate :— 

Pe -f I, = Pel,; 

Ferrous 
iodide. 

Pel, + COKoj, = 2KI + COFeo". 

Perrons Potassic Potassic Ferrous 

iodide. carbonate. iodide. carbonate. 



COMPOUND OF POTASSIUM WITB RTDROXYL, 

FOTASSIC HTDHATE, Caustic Potash, Potash. 

KHo, or OKH. 

Preparation. — 1. By boiling in an iron vessel a solution of 
potassic carbonate with calcic hydrate : — 

COKo, + CaHo^ = 2KHo + COCao". 



Potassic 
carbonate. 



Calcic 
hydrate. 



Potassic 
hydrate. 



Caldo 
carbonate. 



2. By the action of potassium upon water (see p. 150). 
Reactions. — By contact with acids potassic hydrate produces 
potassium salts : — 

KHo + HCl = KCl + OH. 



Potassic 
hydrate. 

KHo + 

Potassic 
hydrate. 

2KHo + 

Potassic 
hydrate. 



Hydrochloric 
acid. 

SO,Ho, 

Sulphuric 
acid. 

SO,Ho, 

Sulphuric 
acid. 



Potassic 
chloride. 



■2' 
Water. 



= SO,HoKo + 



Hydric potassic 
sulphate. 

SO,Ko, 

Potassic 
sulphate. 



oa,; 

Water. 



+ 20H,. 



Water. 
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COMPOUNDS OF POTASSIUM WITS OXTQEN, 

Potassic oxide OK^, K— O— K 

Fotassic dioxide \ q^^. K — — — K. * 

K 

I 
O 

OK i 

Fotassic tetroxide -< q . 

OK ' 



O 

I 
O 

k 



FOTASSIC OXIDE. 

OK,. 

Freparaiion. — 1. By heating potassic hydrate with potas- 
sium:— 

2KHo -f- K, = 20K, ^ H,. 

Potaasio Fotassic 

hydrate, . oxide. 

2. By fusing together, in a current of nitrogen, potassic 
peroxide and potassium : — 

K A + 3K, = 40K,. 

Fotassic Fotassic 

peroxide. oxide. 



FOTASSIC DIOXIDK 

K,0,. 

Preparation, — Obtained by the action of water on potassic 
peroxide. 
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FOTASSIC TETROXIDE, Fotaam Peroxide. 
Pr^araHon, — ^Bj fuBuig potassium in a current of oxygen. 

COMPOUND OF POTASSIUM WITS H.TDMO- 

8ULPRTL. 

TfflAaSlC STJLFHHTDBATE. 

KHs. 

Preparation. — By saturating potassic hydrate with sulphu- 
retted hydrogen : — 

KHo + SH, = KHs + OH,. 

PotsBsio Sulphuretted Potassic Water, 

hy^drate. hjdrc^en. sulphhydrate. 

COMFOUJSTDS OF FOTASSIUM WITH SULPRUB. 

The following have been obtained : — 

Dipotassic sulphide SK^. K — S — K 

Dipotassic disulphide K,S,. K— S— S— K 

Dipotassic trisulphide K^Sg. K— S— S— S— K 

Dipotassic tetrasulphide . . . K,S,. K— S— S— S— S— K 

Dipotassic pentasulphide . \ K^Sj. K — S — S — S— S — S — K 

Dipotaflsic hepta- 1 j^ g p k-S-S-S-S-S-S-S-K 
sulphide J 

DIPOTASSIC SULPHIDE. 

Preparation » — L By the action of potassic hydrate on potassic 
sulphhydrate : — 

KHo + KHs = SK, + OH,. 

Potassic Potassic Dipotassic Water, 

hydrate. sulphhydrate. sulphide. 
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LIVER OF SULPHUR. 



2. By igniting potassic sulpliate with hydrogen or carbon : — 



SO.Ko, 


+ 


411, 


= SK, + 


40H,. 


Fotassio 






DipotasBio 


Water. 


sulphate. 






sulphide. 





Reactions of dipotMsio sulphide and the higher potassic sul- 
phides : — 1. By heating dipotassic sulphide with the necessary 
quantities of sulphur, it forms the higher potassic sulphides. 

2. The potassic sulphhydrate and dipotassic sulphide, when 
acted upon by acids, yield sulphuretted hydrogen : — 



KHs -f HCl = KOI -h 



Fotasaio 
flulphhydrate. 



Hjdrochlorio 
acicL 



SK, + 2HC1 = 

Dipotassic Hydrochloric 
sulphide. add. 



Potassic 
chloride. 

2k:ci 

Potassic 
chloride. 



SH,. 

Sulphuretted 
hjdrt^en. 

+ SH,. 

Sulphuretted 
hydrogen. 



3. The higher potassic sulphides, similarly treated, yield sul- 
phuretted hydrogen and a precipitate of sulphur :— 

K,S3 + 2HC1 = 2KC1 + SH, + S,. 

Dipotassic Hydrochloric Potassic Sulphuretted 

trisulphide. acid. chloride. hydrogen. 

4. A mixture of the higher potassic sulphides and potassic 
hyposulphite, known under the name of hepar sulphuris or liver 
of sulphur, may be prepared by heating potassic carbonate with 
sulphur : — 



3COKo, + 4S, 



Potassic 
carbonate. 



3COKo, + 6Sj 



Potassic 
carbonate. 



= 2K,S, 

Dipotassic 
trisulphide. 

= 2K,S. 

Dipotassic 
pentasulphide. 



+ SS"OKo, + 



Potassic 
hyposulphite. 

+ SS"OKo, 

Potassic 
hyposulphite. 



+ 



300,; 

Carbonic i 
anhydride. 

3O0,. 

Carbonic 
anhydride. 



5. The last mixture, when acted upon by acids, suffers suc- 
cessively the following decompositions : — 



2KA 

Dipotassic 
pentasulphide. 

+ 



+ SS"OKo, + 6HC1 = 6KC1 

Potassic 
hyposulphite. 

SS"OHo„ + 2SII. + 4S 



Hydrochloric 
acid. 



Potassic 
chloride. 



then 



Hyposnlphurous 
acid. 



+ 2SH, + 

Sulphuretted 
hydrogen. 



SS"OHo, = SO, + S + 

Hyposulphurous Sulphurous 

acid. anhydride 



2> 



on,. 

Water. 
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FOTASSIC CABBONATE. 

COKo,. 

^Preparation. — 1. By lixiviating the ashes of land-plants. 
2. By burning hydric potassic tartrate in a current of air. 



SODIUH, Na,. 

Atomic vjeigJit =23. Probable molecular weight =46. 8p, gr. 
0*97. ^vse9 at 90°. BoiU at a red heat. Atomicity '. 
^Evidence of atomicity: — 

Sodic chloride NaCl. 

Sodic hydrate OISTaH. 

Sodic oidde ONaj. 

Occurrence, — ^In nature in the form of chloride. In sea- water 
and most springs. As silicate in several minerals. 

I^reparation. — 1. By electrolyzing sodic hydrate. 

2. By acting upon sodic hydrate with metallic iron at a 
strong white heat. 

Manufacture. — By distilling in an iron retort a mixture of 
sodic carbonate and charcoal : — 

CONaOa + 2C = Na, 4- 3C0. 

Sodio Carbonic 

carbonate. * oxide. 

Beactions. — Similar to those of potassium, but less energetic. 
The compounds of sodium very much resemble those of po- 
tassium. 



SODIC CABBONATE. 

CONao,. 

Manufacture* — 1. Formerly by the lixiviation of the ashes 
of marine plants. 
2. By Leblano'8 process, which consists in first transforming 
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LITHIUM. 



sodic chloride into sodic sulpbate by the action of snlpturic 
acid : — 

2NaCl + SO,Ho, = 2HC1 + SO.Nao,. 



Sodio 
chloride. 



Sulphnno 
add 



Hydrochloric 
acid. 



Sodic 
sulphate. 



The sodic siilghate (technically termed 'salt cake) is next 
heated with calc^^Slwljonate and small coal. The carbon re- 
duces the sodic sulphatelENgJ^pliid©* a^^ the calcic carbonate 
transforms the sodic sulphideSinto sodic carbonate, insoluble 
calcic oxysulphide being simultaneJNlgly P^^^^^^ • 



5SO,Nao, 

Sodic 
sulphate. 

5SNa2 

Sodic 
sulphide. 



+ 20C = 



5SNa2 

Sodic 
sulphide. 



20CO; 

^Carbonic 
kpzide. 



+ 7COCao" = SCONao, 



Caldc 
carbonate. 



Sodic 
carbonate. 



+ 



50aS", 2CaO + 2CO2. 

Caldc ozysulphide. Carbonic 

anhydride. 



The sodic carbonate, commonly called soda ashj is obtaine' 
by the extraction of the resulting mass with water. 



LITHIUM, Li,. 

Atomic weight =7. Trohahle molecular weight =14. Sp, gr. 
=0*59. Fuses at 180°. Atomicity '. Evidence of ato- 
micitg : — 

Lithic chloride LiCf. 

Lithic hydrate (Lithia) OLiH. 

Occurrence. — In nature, in the mmeraiB petalite, spodumene^ 
lepidolite, and trvphylline, and in small quantities in some 
mineral waters and ashes of plants. 

The properties of lithium resemble those of potassium ant 
sodium ; and the compounds of the three metals also exhibit^ 
considerable similarity. 



1 

I 
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CESIUM and BTTBIDIUK. 

The compounds of the two metals "^csBsium (Cs=133) and 
rubidium (Eb=85*5), which have been recently discoyered, 
closely resemble those of potassium and sodium. 



Section IV. 

THALLIUM, T],. 

Atomic weigTit =204. JBrohable molecular weigTit =4*08. 8p, 
i^rr. 11*81 to 11'91. Fuses at^Ql^. Atomiciti/' and perhaps'", 
Evidence of atomicity : — 

ThalHc chloride TlCl. 

Thallic oxide OTl,. - 

ThaUic perchloride Tl'VlJ 

Occurrence, — ^In small quantities in certain varieldes of py- 
rites, and in minute quantities in some mineral springs. 

JPreparation. — By extracting with water the deposit formed 
in the flues of sulphuric acid-chambers, and precipitating the 
thallium by hydrochloric acid. The chloride is conyerted into 
sulphate by the action of sulphuric acid ; and when purified, a 
solution of the sulphate is decomposed by metallic zinc, which 
precipitates the metallic thallium. 

The following list contains the principal compounds of this 
metal : — 

Thallic chloride TlCl. 

ThaUic'percHoride TICI3? 

Thallic oxide OTl^. 



Thallic peroxide 



fOTl 
O ? 
OTl 

ThalUc sulphide STl,. 

ThaUic nitrate NO,Tlo. 

Thallic sulphate SO.Tlo^, 

Thallic carbonate COTlo,. 
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Two other compounds of thallium with chlorine have also 
been described, but they have not yet been completely investi- 
gated. 

SILVER, Ag^. 

Atomic weigTit =108. Frohable molecular weight =216. Sp, 
gr. 10-4743. Fuses at about 1000°. Atomicity '. Evi- 
dence of atomicity : — 

Argentic chloride AgCl. 

Argentic iodide Agl. 

Argentic oxide.. O-^ga* 

Occurrence, — ^In nature in the free state, and as sulphide 
in silver glance \ as sulphantimonite in dark-red silver-ore 
(see p. 141), as chloride in horn-silver, as a compound of bro- 
mide and chloride (2AgBr, 3AgCl) in emholite, and also as 
carbonate. 

Extraction, — 1. The silver minerals are roasted with sodic 
chloride, by which the metal is converted into chloride ; the 
mass is then mixed with water, scrap iron, and mercury, and 
agitated for some hours. The iron reduces the argentic chlo- 
ride to the metallic state, and the silver is then dissolved by 
the mercury. 

2. By crystallizing argentiferous lead. Nearly pure lead is 
first deposited, and the residue rich in silver is then cupelled. 

JBeactions. — 1. Silver is blackened by sulphuretted hydrogen, 
argentic sulphide being formed. 

2. Silver is acted upon by hot concentrated sulphuric acid : — 

Ag2 + 2SO2H0, = SO^gOi + 20H, + SO,. 

Sulphuric Argentio Water. Solphurons 

acid. sulphate. anhydride. 

3. Nitric acid readily dissolves silver : — 

2 Ag, + 8NO,Ho = 6NO,Ago + ' 40H, + 'N",0,. 

Nitric Argentio Water. Nitric 

add. nitrate. oxide. 

4. At a red heat silver decomposes hydrochloric acid : — 
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Ag, + 2HC1 = H, + 2AgCL 

Hydrooblorio Aiventio 

acid. clik>ride. 

There are three compounds of silver with oxygen ; — 

ArgentouB oxide OAg^. 

Argentic oxide 0-A.gj. 

Argentic peroxide I OaI * 

Argentons oxide is prepared by heating argentic citrate to 
100° in a stream of hydrogen, dissolving the residue, which 
contains argentous citrate, in cold water, and precipitating the 
argentous oxide by potassic hydrate. 

Argentic oxide is formed by precipitating argentic nitrate 
•with a solution of baric hydrate, and drying the precipitate, 
which is probably argentic hydrate, AgHo. This is the salifi- 
able oxide of silver. 

Argentic peroxide is obtained by electrolyzing a solution of 
argentic nitrate, when it is deposited upon the positive pole. 

Argentic chloride, bromide, and iodide are insoluble in water 
and nitric acid. 



CHAPTER XVIII. 

DYAD ELEMENTS. 

Section^ n. 
BABITJIO:, Ba. 

Atomic weight =137. Frohahle molecular weight =137. 8p. 
gr. letween 40 and 5 0. Fuses helow a red heat. Atomicity ". 
Evidence of atomicity : — 

Baric chloride Ba"Cl3. 

Baric hydrate Ba"HOj. 

Baric oxide Ba"0. 
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Oeeurrenee. — ^In nature in the form of sulpliate in the 
mineral heavy spar, and as carbonate (COBao") in wUherite. 

Preparation. — 1. By electroljzing moistened baric Ifajdrate, 
carbonate, nitrate, or chloride, the negatire electrode being 
mercoiy. An amalgam of barinm is thus formed, from which 
the mercury is removed by distillation* 

2. By passing the vapour of potassium or sodium over baric 
oxide strongly heated in an iron tube, and extracting the metal 
by means of mercury. 

3. By acting upon a solution of baric chloride with sodium 
amalgam, barium amalgam is produced. 

Beaction, — ^Barium decomposes water at the common tem- 
perature: — 

+ 20H, a H, + BaHo,. 

Water. Baric 

bydrate. 



COMPOUNDS OF SABIUM WITH OXTGEN. 
Baric oxide BaO. Ba=0 

Baric peroxide Ba^ ^ Ba I 

01 ;^o 



BAEYTA, Baric Oxide. 
BaO. 

' Preparation. — 1. By converting the native carbonate into 
nitrate by the action of nitric acid, and then heating the nitrate 
to redness in an iron crucible : — 



BAllYTA. 
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COBao" .+ 2NO,Ho = 



Bario 
carbonate *. 



Nitaric add. 



fNO, 
Bao" 
NO, 

Baric 
nitrate t* 



+ OH, + CO,; 



Water. 



Carbonic 
anhydride. 



fNO 
2 \ Bao'' 
I NO, 

Baric 

nitrate. 



« 2BaO + 2W* O, -f O,. 



Baric 
oxide. 



Nitric 
peroxide. 



2. The nitrate may be obtained from native baric sulphate 
by mixing the latter with charcoal and heating the mixture to 
a high red heat, by which the sulphate is converted into sul- 
phide : — 



SO,Bao" 

Baric 

sulphate X. 



+ C, = BaS" + 4C0; 



Baric 
sulphide. 



Carbonic 
oxide. 



the residue is then treated with dilute nitric acid, when baric 
nitrate is formed. 

Beaction, — In contact with water, baric oxide is converted, 
with great evolution of heat, into baric hydrate : — 



BaO 


+ 


OH, 


ss 


BaHo^. 


Baric 
oxide. 




Water. 




Baric 

hydrate. 



o 

* 0=C Ba 

V 



o o 

II II 

t N— 0— Ba-0— N 



o o 



I 



V 



^l 
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BASIC PEROXIDE. 

"•8}- 

FreparaUan, — 1. By passing oxygen over bario oxide or baric 
hydrate heated to dull redness : — 

2BaO + O, = SBa^l. 

Bario Barrio 

pzide. peroxide. 

2BaHo, + 0, = ^BhqX + 20H,. 

Baric Biuio Water, 

hydrate. peroxide. 

2. By heating baric oxide to redness in a crucible and gra- 
dually adding potassic chlorate : — 

3BaO + ClO.Ko = KCl + 8Ba^l. 

Bario Potaosic Potaasb Bario 

oxide. chlorate. chloride. peroxide. 

Beactions. — 1. By the action of heat it splits into baric 
oxide and oxygen : — 



2BaQ| =: 2BaO + O,. 



Bario Baric 

peroxide. oxide. 



2. By treatment with steam at the same temperature at 
which the peroxide was previously formed, it produces baric 
hydrate and oxygen : — 



2Ba 



g} 4. 20H, c= 28aHo, + 0,. 



Baric Water. Baric 

peroxide. . hydrate. 



3. By the action of acids upon baric peroxide, hydroxyl is 
formed (p. 45). 
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COMPOUND OF BAEITTM WITS STDEOXTL, 

BARIC HYDRATE, OausUe Baryta, 

BftHo,. 

Preparation. — 1. By the action of water on baric osida 
(p. 161). 

2. By boiling in water, with cupric oxide, the jnasg 0(hi* 
taining baric sulphide, prepared by reducing baric sulphate 
with carbon : — 

BaS" + CnO + OH, = BaHo, + CnS". 

Baric Cupric Water. Baric Cupric 

BQlphide. oxide. hydrate. palppid^. 

Barium salts are formed by the action of acids upon barie 
hydrate, carbonate, or oxide. 



DIHTDRIC BARIC I)ISULP^ATE. 

O 

fSO,Ho I! II 

Bao' . H— O— S— 0— Ba— O— S— 0— H 

SO.Ho II II 

o o 

This compound is formed by boiliijg baric sulphate in em^ 
cen^r^ited sulphuric acid, when the s^}t pryat^^es on poqling. 



STRONIimC, Br. 

AtomiG wetglit =587*5. Probable molecular weight 3s87*5. 
Sp, gr. 2*5. Fii%eB at a TiigTier temperatwre thafi barium. 
Atomicity", Evidence of atomicity ;— 

Strpntic chloride Bf"C]^. 

Strontic hydrate Sr'^HOa. 

Strontic oxide » . S|f"Q . 

U2 
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Oecurfence. — la the form of carbonate as the mineral stron- 
ttanitey and as sulphate in celestine. 

Preparation. — 1. By the same methods as those employed 
in the preparation of barium. 

2. By electrolyzing fused strontic chloride. 

Character. — The compounds of strontium resemble those of 
barium in constitution, preparation, and properties. 

The strontic peroxide can only be prepared by adding hy« 
droxyl to a solution of strontic hydrate : — 

SrHo, + Ho, = Srgl + 20H,. 

Starontio Hydroxyl. Strontic Water, 

hydrate. peroxide. 

Strontic carbonate is more easily decomposed by heat than 
baric carbonate. 



CALCIUM, Ca. 

Atomic weight a 40. Probable molecular weight =40. Sp. gr. 
1*6. Atotnicity". Evidence of atomidtyi — 

Calcic chloride Ca^Cl,. 

Calcic hydrate Ca"Ho2. 

Calcic oxide Ca"0. 

Occurrence. — In nature as carbonate in the numerous calc 
spars, chalk, marble, &e, ; as tetrahydric calcic sulphate 
(SHo^Cao") in gypsum, alabaster, selenite, &c. ; as phosphate 
in apatite ajid phosphorite (see p. 123) ; as fluoride in the fluor 
spars (see p. 98), and in combination with silicon, oxygen, and 
other metals in numerous minerals. 

Preparation. — 1. By processes similar to those employed for 
the preparation of barium and strontium. 

2. By fusing together sodium, zinc, and calcic chloride, and 
subsequently heating the alloy of calcium and zinc so obtained, 
to a very high temperature in a crucible of gas-carbon, when^ 
the zinc volatilizes, leaving the calcium, which contains, how- '•^ 
ever, a small quantity of iron. ' 
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Character, — The compounds of calcium resemble those of 
barium and strontium. 

Calcic oxide or quicklime (CaO) is manufactured on a large 
scale by burning coal intermixed with chalk or limestone, when 
carbonic anhydride is easily expelled from the chalk or lime- 
stone, leaving calcic oxide. 

Calcic hydrate or slaked lime (CaHo^) is formed by the action 
of water upon calcic oxide ; it is much less soluble in water 
than the baric and strontic hydrates. 

By exposing quicklime to the action of the air it is converted 
into dicalcic carbonate dihydrate^ C0(0Ca"Ho)2. 

Calcic peroxide ( Oa^ r ) is prepared like the corresponding 

strontium compound. 

By passing chlorine over calcic hydrate, a compound known 
as chloride of lime or hleaching-powder is formed. This has been 
supposed to consist of calcic chloride mixed with calcic hypo- 
chlorite, but it is more probably calcic chloro-hypochlorite, as 
expressed by the following formulae : — 

Ca(OCl)Cl. CI— Ca—O— CI. 

The corresponding baric and strontic chloro-hypochlorites 

Bapi and Sr^i , are known. 

Barium, strontium, and calcium all form soluble dihydric 

dicarbonates : — 

O O 

II II 

H— O— C— O— Ca— 0— C— 0— H 

They are produced by passing an excess of carbonic anhy- 
dride through solutions of baric, strontic, and calcic hydrates. 
The compounds are decomposed at 100°, carbonic anhydride 
being evolved and carbonates precipitated : — 

f COHo 

^Cao" = COCao" -f- OIL -f CO,. 

[ COHo 

Dihydric oalcic Calcic Water. Carbohic 

dicarbonate. carbonate. anhydride 



m,J- J- ^ —^^^^IWWBiBI 
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MAGNEBItrH, Mg. 

Atomic weight =24. Prohahle molecular weight =24. Sp. gr, 
1*75. Thises at a red heat. Volatilizes at a IrigTit-red heat. 
Atomicity ". Evidence of atomicity : — 

Magnesic chloride Mg"Cl2. 

Magnesic oxide Mg"0. 

Magnesid hydrate Mg"ll0a. 

Occurrence. — In nature in dolomite, the calcic magnesic di- 
eau^bcmate, 

in hrucite or magnesic hydrate, MgHo,, and in many minerals 
containing silicon. 

Preparation. — 1. By electrolyzing fused magnesic chloride. 

2. By fusing a mixture of magnesic chloride, potassic chlo- 
ride, and sodium. 

Reactions. — 1. It very slowly decomposes water at the ordi- 
nary temperature, but more rapidly at a boiling heat. 

2. It readily burns when heated to redness in the air. 

Cha/racter, — Magnesium only forms one compound with oxy- 
gen, MgO, Wrognesia, It is obtained by burning magnesium 
in air, or by heating the carbonate to redness. 

Magnesic hydrate (MgHog) is formed by the action of water 
upon magnesic oxide, or by precipitating magnesic sulphate by 
potassic hydrate : — 

SO,Mgo" + 20KH = SO^Ko, + MgHo,. 

Magnesio Fotassio Fotassio Maenesic 

sulphate. hydrate. sulphate. hydrate. 

It scarcely dissolves in water. 

Crystallized magnesic sulphate (SOHo^Mgo", GOH^) is pre- 
pared by treating dolomite, the magnesic calcic dicarbonate, with 
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sulphuric acid, filtering from the nearly insoluble calcic sul- 
phate, and crystallizing : — 

§2cao"Mgo" + 2SO,Ho2 = SOHo.Cao" + SOHo.Mgo" 

Dolomite, calcic Stilphnric Dihydric calcic Dihydric magnesic 

magnesic dicarbonate. acid. sulphate. sulphate. 

+ 2C0,. 

Carbonic 
anhydride. 

Magnesic sulphate is very soluble in water, thus differing 
from the baric, strontic, and calcic sulphates. 

Magnesic sulphate, when mixed with potassic or ammonic 
sulphate, forms a disulphate, as, for instance, 

O O 

an IT II II 

UI^Mgo". K— 0— S— 0— Mg— 0-S— O— K 

Dipotassic maenesio 



o o 

Many magnesic phosphates are known. 
Diammonic dimagnesic diphosphate, 

occurs in the seeds of some of the cereals, and sometimes in 
urine, and in the form of calculi: it is found in nature as 
(jfucmite and sfruvite. 

Ma^nmc carbonate (COMgo") is found in nature as ma^- 
nesite. 
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HAONESIA ALBA, Tetrahydric tetramagnesic tricarhonate. 



It 



0,Mgo"4Ho„ or<; 



Mgo". 



9^/0-Mg-0\ /0-Mg-O^ /O 
9\0— Mg— O^^^O— Mg— Q/^Nq 

This compound is formed by boiling a solution of magnesia 
sulphate with sodic carbonate (Berzelius) : — " 

4SOaMgo" + 400Nao, + 20H, = C^Mgo'^Ho, 

Magnetic sulphate. Sodio carbonate. Water. Magnesia alba. 

+ 480^^80, + CO,. 

Sodic sulphate. Carbonic 

anbjdridc. 



ZINC, Zn. 

Atomic weight =65. Molecular weight =65. Molecular aiid 
atofnic volume I I I . 1 litre of zinc vapour weighs 32*5 
criths. Sjp. gr. 68 to 72. Fuses at 500°. Distils at a 
red heat. Atomicity ". Evidence of atomicity : — 

Zincic chloride Zu"C\^, 

Zincic oxide Ziiii"0. 

Zincic hydrate Zii"IIo2. 

Occurrence. — In nature as oxide (ZnO) in red zinc, as 
sulphide (ZnS") in the mineral zinc blende, carbonate (OOZno") 



1 
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in calamine, and as silicate in electrio calamine, mlliamiie, 
ot zinc glaas. 

Manufactti/re, — Zinc blende or calamine is roasted in a 
current of air, whereby it is converted into zincic oxide : — 

OOZno" = ZnO -f CO^. 

Zincio carbo- Zincic Carbonio 

Date (calamine). oxide* anhydride. 



2ZiiS" + 30, = 2ZnO + 2S0.,. 

Zincic sulphide Zincio oxide. Sulphnrous 

(Zinc blende). anhydride. 



The rpasted and powdered mineral is then heated with pow- 
dered coal, when the zinc is reduced and distils over : — 

ZnO + C = Zu + CO. 

Zincio Carbonio 

oxide. oxide. 

Reactions, — 1. It slowly decomposes aqueous vapour at 100^; -r 
OH, + Zn = ZnO + H,. 

Water. Zincic oxide. 

2. Zinc is attacked by almost every acid at the common 
temperature. 

3. When boiled in potassic, sodic, or even ammonic hydrate, 
hydrogen is evolved, and a mixed oxide formed :— . 

20KH + Zn = ZnKo, + H,. 

Potassio Bipotassic 

hydrate. zincic oxide. 



COMFOUND OF ZING WITH OXYGEN, 

ZINCIC OXIDE. 
ZnO. 

Preparation, — 1. Zincic oxide is obtained by burning zinc in air. 

2. By passing Bteam over heated zinc. 

3. By heating the precipitate formed by ammonic carbonate 
in solutions of zinc salts. 



+ 


20KH 


^ 


ZnHo, 


+ 


SO,Ko,. 




Fotassio 
hydrate. 




Zincio 
hydrate. 




Fotaasio 
sulphate. 
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OTHEE COHFOUKDS OF ZINC. 

Zincie hydrate (ZSnno,) is obtained as a white precipitate 
by the action of potassic hydrate on solutions of zinc salts : — 
SO,Zno" 

Zincio Bolphate. 

The precipitate is dissolved by excess of potassic hydrate. 

Crystallized zincie sulphate is isomorphous with crystallized 
magnesic sulphate, and contains seven molecules of water, six of 
which are easily expelled at a moderate heat, the last only being 
driven off at a somewhat high temperature. It also resembles 
magnesic sulphate in forming double salts with potassic and 
ammonic sulphates : — 
Zincie sulphate (crystallized) SOHo^Zno", eOH^. 

rso,Ko 

Dipotassic zincie disulphate (crystallized) \ Zno" , GOH^. 

i SO,Ko 

ZHncie carbonate (COZno") occurs in nature as calamine. 
The precipitate obtained by adding a solution of sodic car- 
bonate to a solution of ft salt of zinc has a variable constitution. 
The reaction usually takes place thus : — 

rCflo(OZn"Ho), 
5SO,Zno" + 6CONao, + 80H, == \ Zno" 

[CHo(OZn"Ho), 

Zincio Bttlphate. Sodic carbonate. Water. Dihydric pentazincic 

dicarbonate tetrahydrate *. 

+ 5SO,Nao, + 3O0,. 

Sodic sulphate. Carbonic anhydride. 

H H 

J. I 

» H— O— Zh— O— C— 0— Zn— O— C— O— Zn— O— H 

Zn Zn 

I I 

H H 
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CHAPTER XIX. 

PYAD ELEMENTS. 

Section IV. 
CADMIUM, Cd. 

Atomic weight =112. Molecular weight <=112. Molecular 
and atomic volume \ \ I . 1 litre of cadmium vapour weighs 
6Geriths. Sp.gr,%'*f. Fuses helow2Q(f^. Easily volatile. 
Atomicity ". Evidence of atomicity : — 

Cadmic cUoride < Od'.'Cljj. 

Cadmic oxide ; Od"0* 

Occurrence, — In nature in small quantities, assot^iated with 
zinc ; and in the form of sulphide as greenochite, 

Preparation, — ^Bj distilling fractionally the more volatile part 
of the metal obtained in the manufacture of zinc, and then 
dissolving this more volatile product (which consists of 
zinc, cadmium, and a little copper) in hydrochloric or dilute 
sulphuric acid, precipitating the cadmium and copper With 
sulphuretted hydrogen, dissolving the mixed sulphides in 
dilute sulphuric acid, and adding an excess of solution of 
ammonic carbonate, which precipitates both cadmium and 
copper, but redissolves the latter. The cadmic carbon&,te is 
then ignited, and the resulting oxide reduced by charcoal. 

Cadmic oxide (CdO) is prepared by heating the hydrate, 
carbonate, or nitrate. 

Cadmic hydrate (CdHOa) is obtained by precipitating a solu- 
tion of a cadmic salt by sodic or potassic hydrate. 

Cadmic sulphate (SOaCdo'.',^©!!^) is obtained by dissolving 
cadmic oxide or carbonate in sulphuric acid. By heating 
this compound, or by partially decomposing it with alkaline 
hydrates, it is transformed into 

Dicadmic sulphate dihydrate S02(OCd"Ho)2 

O 

H— 0— Cd— 0— S— 0— Cd— O— H 

II 
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MEECUET, Hg. 

Atomic weight =200. Molecular weight =200. Moleculnr 
and atomic volume I 1 1 . 1 litre of mercury vapour weighs 
100 criths. 8p. gr. 13-59. Fuses at - 40"*. BoiU at 360°. 
Atomicity '\ also a pseudo-monad. 

The followmg list contains the principal compounds of this 
metal : — 

Mercuroufl chloride 1 f HgCl p, „^ ^^ p. 

Mercuric chloride. . . HgCl^. 

{2j» Hg\ 
xi^O. I O 
^ Hg/ 

Mercuric oxide . . . HgO. . Hg = O 

Mercuroussulphide. Hg'^S'^or | S^"- 

Mercuric sulphide "j « 
(vermilion, cinna' - HgS". 

bar) 



Hg-Os,|| 
Mercuroussulphate. SO^HgaO". | 8 

Hg-O^ll 


o 

Mercuric sulphate... SOjHgo". Hg S 

o 

•/Hg 

? ' 
Trimercuric sulphate i „ tt /^\i/ ^ 



(Turpeth mineral) 



;}SHgo", Hg(^s(^ 



a I 



^Hg 
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Tetrahydric mercurous dinitrate... NjO^Ho^Hg^o". 

H H 

A i 

I I 

0=N— 0— Hg— Hg— 0— N=0 

A i 



H H 



Dimercurous dinitrate . . . 



n 



fNOHg,o 

NOHg,o" 



Hexahydric irimercu- 1 NAHo,Hg,o",. 
P0U8 tetramtrate ... J 

Mercurous dimercuric \ ja c\ xx^ ^"T^.v/^" 
dinitrate J 

Tetrahydric mercuric 1 NO,Ho,Hgo". 
dinitrate J 

Tetrahydric dimercuric 1 N,OHo,Hgo'V. 
dinitrate J 

toihydric trimercuricj N,OHo,Hgo", 
dinitrate J 

-0— Hg 

/\/ V 
Trimercuric carbonate... CHgo"(Hg",0,)". Hg C 

N/\ / 
O O— Hg 



Tetramercuric carbonate. CHgo"(Hg"30J' . 

O 0— Hg— O 
Hg V ^g 



V ^— Hg— O'^ 



Mercurosodiammonic 1 NH,ClHg \ 
dicbloride J NH^ClHg J ' 



^■i^ 



V 
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MercurosomercuTodi- 
ammonic dichlonde 



^-} N,Hg"H;Hg',Cl,. 



Mereurammoiuc cUo-^ 
ride. {White preci- > 
pittUe.) J 



NH:,Hg"Cl. 



Trimercuric diamide ... Nj,Hg",. 



CI 



H— N— H 

II 
Hg 

N— Hg— N 

UJ 



COPPER, Cu. 

Atomic weight =^GB'6. frahabhrnoUctdar weight ^^*fi. fy-Sf^- 
8*8. Fuses at about 780°. Atomicity"; also a pseudo-monad. 

The following are tha principal compounds of tliis metal ; — 

{GtiTT 

Cuprous chloride ...... 'Cu^Cl, or{§^^}. Cl—Gu-^CttT^Cl 



Cupric qhloride CuClg, 20H,. 



CI— Cu— CI 



CSnHo 
Cuprous hydrate, 4'Ou'20, OH3, 01? 1 Qa^^ 

CuHo 
O— Cu— Cu— 0— Cu— Cu— 0— Cu— Cu— 0— Cu— Cu— O 
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C iipric hydrate CuHo^ 

Cuprous quadrantoxide. -{ q ,,0, 

CnJ 



H— O-Ou— Q— H 



Cu— Cu 

>0 
Cu— Cu 



Cuprous oxide. (Bed "j 
copper ore, or ruby > 'Ou'^^O or -j q-0. 
ore.) J 

Cupric oxide OnO. Cu=0 

Cuprous sulphide, i f Cu 

(Copper glance.). ..\ ^»^ ^M^ Cu^ • 



Cu 

Cu^ 



Cupric sulphide. (Jw-' 
diffo copper or 5Zt*e 
copper.) 



CuS". 



Cupric sulpho-hydrate . 6C11S", QivEo^, op-< 



rOiiHo 

Cu" 

S" 

Cu" 

Cu" 

8" 

Cu" 

S" 

CuHo 



v^ 



0— Cu— S— Ca— S— Cu— S— Cu— S— Cu— S— Cu— 

I 
H 



H 

Cupric nitrate 



gg^Cuo", 40H,, or 5S;|Cuo". 



Dihydric cupric sulphate SOHojCuo", 4^0K^. 

Hydric tricupric sul- 1 sOHo(OCu"Ho).. 
phate trinydrate... j 
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Dihydric tetracupric"] 

sulphate tetrahy- I SHoj(OCu"Ho),. 
dra,te.(Brochantite.) J 

H H 

\ / 

H— 0-^Ca— O—S^O-Cu— O— H 
Cu Cu 

/ \ 

H H . 



Hydric pentacupric 
sulphate pentahy- 
drate 



SHo(OCu"B[o)„ 20H,. 



, ^ 



Ammoniocupric sul- 

phate. iIHhffdric\ SHo,Amo, R;:53Cu"0.1 
diammonte cuproai- L-*-^ ^s J 

ammonie sulphate,) J 

Dipotafisic cupric disul- J ^^2,, ^ 
P^*^ tsO°Ko* 

o o 

II I! 

K— 0—8— 0—Cu— 0—8-0— K 



n 



O 



Dicupric carbonate, l 
{Mtfsorin.) J 

Dicupric carbonate di 



CCuo''. 



hyZZ^MaZle')} 00(OCu"Ho), 



O 

II 
H— 0- Cu— 0— C— 0— Cu— O— H 



J 
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Dihydrictricupricdicar-I ^qtt n n 
azurite, mounfairirblue \ ' ^^ 



bonate. {JBltie malachite, I 



or coppcT'OZwre,) 






CHoCuo" 



H 
I 

o 

Cuprodiammonic carbo- 
nate. (Ammonioctiprit 
carbonate.) 



^Cu— 0— 



H 

I 
O 

ii 





oogSc-o.]" 



H H 

V 

H H 



=0 



Hydric cupric silicate ) SiOHo(OCu"Ho). 
hydrate. {Bioptase.) J ^ ' 



O 

H_0— Cu— 0— Si— 0— H 



--*■*■ hm 



y 
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CHAPTER XX. 

TBIAB ELEMEirrS. 

Sectioh" n. 

GOLD, All,. 

Atomic weight =196*7. Probable molecular weight =s303'4. Sp, 
gr, 19-3 to lO'S. Fuses at about 1100^-1200°. Jiomi- 

city' and'". 

The following are the names and probable constitutional for- 
mulaB of the chief compounds of gold : — • 

Anrous chloride AuCl. Au — CI. 

CI 

Auric chloride AuCl„. Au 



di^ 



CI 



Aureus iodide... Aul. 

Auric iodide A11I3. 

Aureus oxide Au^O. Au — — ^Au 

Auric oxide. {Ami^: a^ly^ \ q"^^ 0=Au-0~Au=0 

^^•) JAuO 

Potassic aurate AuOKo, 8OH2. 0=Au — ^0 — K 

Aureus sulphide An^S". 



Auric sulphide 



n 



fAuS 

S" 
AnS" 



J 
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CHAPTER XXI. 

TBTBAD ELEMENTS. 

Section n. 

ALUMINinM, Al. 

Atomic weight =27*5. Molecular weight unhnoum. Specific 
gravity 2*6. Fuses at about 450°. Atomicity *^, hut is 
always a pseudo-triad, Evidence of Atomicity : — Analogy 
with iron and chromium. 

Annexed are the names and probable eonBtitutional formtilsd 
of the most important compounds of this metal ;— 

CI CI 
Aluminic chloride . . . 'A1"'.C1« or { ^^k CI— Al— Al— CI 

CI CI 



a^*8 



o 

Aluminic oxide ,...,. Al,0, oyj^QO. o=Af-^^P=0 



f AlO^ / \ 



H H 



O O 
H— 0— Al— Al— 0— H 



i 6 



n2 



■J < 



J < 



e 
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Aluminic oxydi-l r Aimr 

hydrate. (JH-V Al,0,Ho, or |5Jg|j 
tttpore^ J 

0=A1— A1=0 



H H 



Aluminic sulphide ... Al2S"3 or \ ^g//S". 
Dipotassic aluminate Alfi^o^ or j aioKo* 

Aluminic sulphate . . . S30,('Al";0e)^ 180H, or 



SO, 

Sa-CAl"',0,)v', 180H,. 

so. 



Alaminic sulphate "j 
tetrahydrate. \ SO,('Al"',0,Ho,)", 70H,. 
{Muminite^ ...) 



Allophane SiHo,('Al"',HoA)", (2 or 4)0H,. 

Prehnite Si,Ho,Cao;'('Ar",Oe)^'. 

Topaz Si3('Al"',05r)'('Al"',0,r,)"'('Al"',0,I') 

/('Al"'As- 

Zoisite Si,Cao",( -^ O ). . 

V i 'Al"',Oy 

Spodumene Si„0„LiOe('Al"',0 J'',. 

PetaUte Si,„0„Nao,LioXAr",0,)»»,. 



nl 



. > » » 

» 1 • »■ 



i« » I ■ ■ I I 11 ■■ ^ ■ ■■ 'J , *-Uff> - 'Jl.''!. 



Alunite, 
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SOHoKo,, 



[unite, alum-l SOHo, Cfi"!^S''^^«^r 

Btone J SOHo, S'tl-Wn*nv"* 

CoUyrite SiHo,('Al'",Ho,0)„40H,. 

Dipotassic alumi- ^ g^ -g- 



— I 

io'ZZ(;ArAn240H,. 
so!ko-J 



nic tetrasul- 
phate. (Common 
alum,) 



^"^"*« Il^cil-iw 

Miloscliiiie SiHo,(' Al'",Ho,0,)". 

SiHo,— , 

Cimolite, kaolin of \ SiO /'avh n \n 

EUenbogen I SiO— ^ ^ »""' • 

SiHo.-J 



SiOHo- 

Agalmatolite |}SZZ('-^"W'"- 

SiOHo— I 



Buchholzite, xeno- 1 «t('Al"' 0,)'* 
Hte I fJ('Al"'Ar 



r SiHo— I 

Porcelain clay \ O ('Al"' Ho.O,)"- 

[siHo-' 



. SiO('Al"',OJ". 



Andalusite, chias- 
tolite, cyanite, 
fibrolite, sUlima- 
nite 

Wemerite Si,Cao"('Al"',0,)". 
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Saponite ai,Mgo\So,,CM\0,r. ■ 

Lepidolite Si,0,Ko,LioXAl"',0.r.('Al"',F«0.)". 

f SiHo,Nao 

? ij('^"'.o.)"- 



Aualcime /-g 

■!o 



[ SiHo;!7ao 
SiHo, 



'2 



Eazoumoffskin SiHo,— ('AVjOJ". 

SiHo. 



Malthacite aifi,fio,(:M'\0,y. 



jdi 



SiONao— 1 
SiO — 
O 

ite ^IK~('^"',0.)". 



(SfO- 
O 
SIO— 



I 



SiONao—" 



CHAPTER XXII. 
Section III. 

platinum:, Pt. 

Atomic weight = 197'4. Molecular weight unknown, 8p* gr. 
21*5. Atomicity " and '''. 
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The following compounds will serve to illustrate the ato- 
micity and general character of this metal : — 



Platinous chloride ... PtCL. 



CI— Pt— CI 



Platinic chloride ... PtCl^. 



Platinous oxide PtO. 



CI 

I 
CI— Pt— CI 

I 
CI 



Platinio oxide PtO„. 



0=Pt=:0 



Platinous hydrate . . . PtHOg. 



Platinic hydrate 



Platinosodiammo- 
nic dichloride. 
(Qreen salt of I 
Magrms,) ' 



fNHgCl 
Pt" . 
NH3CI 



H 



O 

I 
PtHo,. H— 0— Pt— 0- 



-H 



O 



Cl 



CI 



H 



■/ 



H 



/lir— Pt— N^ 

H H 



WHte compound of|^(^'^*^^\ 
Eeiflet | NH,(N'H.)C1 ' 



TT H Cl Cl H TT 

\f- — -k—si—k — ^'^ 

W ^ / \ / \ / ^H 
H H! II H H II 
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Hatoscdiammon di- fj^^^'^'^^** 
ammonic diliydrate 1 jjg (N^H^Ho 



H H 

H A OH 



H H H H H H 



H 



,--rr H / — — \ H 

Diplatosammonic ox- f "^^^ ^if-Pt-^ 



ide 



I NH J / \ / \ 

^ ' H H H H 



FlatinouB sulphide... PtS". 
Flatinic sulpbide ... PtS",. 



CHAPTEE XXIII. 

t£tbad slbments. 

Section IV» 

LEAD, Fb. 

Atomic weight s=207. Moledular weight unknovm. Sp. gr, 
11*445. Fuees at 335°. Boils at a white heat, AtO' 
micity " and ^^ Also sometimes a pseudo-triad. 

The following list contains the names and probable consti- 
tutional formulae of the most interesting compounds of this 
metal: — 

Flumbic chloride ... PbCl,. CI— Fb— CI 
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Pb 



\ 







Plumbic 
{Litharge 



oxide. 1 

•) i 



PbO. 



Pb/ 



Pb=0 



Plumbic peroxide. 1 -pbO 
(Plattnerite.) ... J 



0=Pb-0 



Diplumbio tri- f pbOPbo". 0. 
oxide I 



m 






Triplumbic 1 PbPbo'V 
tetroxide... J^ 



n 

Pb Pb 

u 



Tetraplutnbic \ 
pentoxide J 



PbPbo"(Pb",6,)". 



^Pb 



Plumbic chlorohy- 
drate 






} 



PbHoCl. CI— Pb— 0-^H 



Plumbic hydrate ... PbHo,. H— 0— Pb— 0— H 



Diplumbic oxydihy- ^ 
drate 



fPbHo 

PbHo 



H— 0— Pb-O^Pb— 0— H 



Diplumbic oxydicblo- I q 
ride. (Matlockite.)\^-p\yQi 



CI— Pb— 0— Pb— CI 
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Triplumbic oxydi- T^d 
chloride. (Mendi- < ^^„ . ci— Pb— Pb— 0— Fb— CI 
P*^') (pbCl 



Diplmnbic oxychlo-lQ ° ci-Pb-0-Pb-O-H 
rohydrate I PbCl 

Octoplumbic bept- 1 -- ^ -,, 
oxydicbloride... J « t >• 

0— Pb— 0— Pb— 0— Pb— 0— Pb— 0— Pb— 0— Pb— 
I 



Pb Pb 

Plumbic sulphide* 1 PbS'' 
{Galena,) ./ 

Diplumbic Bulphodi- I s„ ci-Pb-S-Pb-Cl 

cnlonae t« I PbCl 

Plumbic sulphf^te. 1 gQ p* n 
(Lead tntriol) J ^ ' 

fNO 
Plumbic dinitrite «». s Pbo". 

[no 

Plumbic nitrite 1 NO(Pb"HoO). 
hydrate J 

Diplumbio nitrite- j wPbo"(Pb"HoO). 
hydrate J 

H— 0— Pb— 0— N Pb 



J 
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O 



O 



Plumbic dinitrate ... 



fNO, 
Pbo". N--0— Pb— 0— N 

NO, II 

O 



o 



Hydric plumbic m. I j^oHoPbo". H-O-] 
trate J 

Dihydric diplum- "j 
bic nitrate hy- V NHo,Pbo"(PbHoO). 

drate »..J 

IE 

i 

H— 0— Pb— O— N/ ^Pb 



o 



Cpb 



Dihydric diplumbic 

rdti'ate nitrite. J p^ „ 
{Basic Jiyponitraie | j^q 
oflead.) 



H 



NHo,Pbo" 



H 

A 



0=N— 0— Pb— O— if/^Pb 

I 

H 



Plumbic carbonate, i 
(Lead spoTf white 
lead ore,) « 

Torke's diplumbic 
dihydrate car- 
bonate 



COPbo". 



0=^ 



0\ 
Pb 



CO(OPb"HoX. 



188 



COMPOUNDS OF LEAD. 



Triplumbic dihy- 
drate dicarbonate. 
(White lead.) ... 



CO(OPbHo)p, „ . 



O 

II 



o 



H— 0— Pb— 0— C— 0— Pb— 0— C— 0— Pb— 0— H 

or 



Dihydric triplum- 
bic dicarbonate 



} 



CHoPbo"™„„ 
CHoPbo"-*^"" • 



H 

i 



H 



O 



Pb^ )C— 0-Pb— 0— C( )Pb 



g^Pbo",. 



Diplumbic sul- 
pbate carbonate. 
(LanarMte.) — 

Tetraplumbic tri- -j CO „ \ 
carbonate eul- 1 CO j^jo, ^„ 
phate. (I^ad. | gO ^^„ 

imUe.) -' '^'^^ 1 

O 



0-Pb-0\|| 

0=0 s 

\0— Pb— 0/ II 





o 



o 



o 

II 

0— 0— Pb— 0— C— 0— Pb— 0— C— 0— Pb— 0— S 



-0 



-Pb 








Diplumbic cbromate. OrOPbo'',. pv/^^riL/ ^pTj 



Triplumbic di. fCjOPbo"^ (i_c!^Pb-S:i(!r^(!, 

cbromate jCrOPbo"-' II II 



Dipota«Bic 1 pbOKo,. 

• • • J 



plumbatc 



K— 0— Pb-0— K 
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CHAPTER XXIV. 

HBXAB ELEMEKTS. 

Section IV. 
CHROMIUM, Cr. 

Atomic toei^hi=s52'5. Molecular weight unknown. S^.^r. 7'014j6. 
Atomicity ", *% cmd ^* ; also a pseudo-triad {and a pseud' 
octad) . Evidence of atomicity : — See the a/nnexed compotmds. 

The following are the most important compounds of this 
metal : — 

Chromous chloride CrCL. CI— Or— CI ' 



CI CI 
. Chromic chloride ...IS!^k CI— Cr— Cr— CI 



1 CrCl, 



I I 
CI CI 



E 

!P I E 
Chromic perfluoride CrP.. Gt( 

p/ I \F 

F 

Chromous oxide CrO. 

Chromous hydrate ... CrHOj. 

Chromic oxide 1 o^nO- ^ ^ \. ^ 

I CrO o=Cr— Cr=0 
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ChromooB dichromic f CrO/^ „ /^ — Cr — 0\ 

tetroxide {oroC™ • 0=(5r -Cr=0 

Dichromic ferrous ^ 

tetroxide. I J CrO„ ,, o_re— 0\ 

{Chrome iron ( \CrO^^^ * 0=Pr Cr=0 

ore.) ^ 

Chromic dioxide CrO« 





Chromic anhydride, . CrO,. || 



Dipotassic chro- -^ 
mate. (Kormal 



srid chro- i 
• ^ J 




CrO,Ko,. K—O— Cr— 0— K 



pota88te 

fnate,) ••,,, ..-^ O 





Dipotassic dichro- ["CrOaKo || || 

mate. (Pota89ic\o ' . K— 0— Cr-0— Cr--0— K 
lichromate.) ICrO.Ko ^ ^ 



Dipotassic trichromate. 
(JPoiassic terchromate,) 



'^CrO.Ko 



CrO, . 


l^CrO,Ko 





_0— Cr— 0— Cr~"0— Cr— 0— K 



K 
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Dipotassic chromous 1 SO,Ko^ „ ^-^-n- 

Sulphate I SoIKo^™ ' 60H,. 

SO — I 

"". !""!:} |o^c;cr.o.)M50H.. 

Dipotassic dichromic ^ gQ Kon 

(Fotassium chrome f SO^ — ^ . 2 e/ > 2* 

J SO,KoJ 



alri/m,) 

Dicliromic hexani- 
trate 



} NaO,XCr"',0,)^. 



Octochromic carbo.l c('Cr'^0,3HoJ^ 
natedihydrate , ... J ^ » is 2^ 



Plumbic chromate. 
(Med lead ore, 
eroeoiiite.) 

Sulphochromic acid. 
{Dihydric sulphite 
chromate*) 

Tetrapotassic dichro- 
mosulphate 



OrO,Pbo". 



fSO,Ho 
O 
CrO,Ho 

fCrOKo— 0,-1 
O S^Ko,. 

CrOKo— 0,-> 



Chromic hydrate .,. { cJho'' ^^^' 

H H 

A A 

Perchromic acid -f S'^'^RS^l O O 



\ CpO,(OHo)- 



0=Cp— Cr=0 



O O 



« 
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Potassic chlorocbro-1 CrO.ClKo. Cl-Cr-0-K 

mate J H 

O 

O 

Chromic dichlorodi- 1 || 

oxide. (Cklorch I CrO.Cl,. CI— Cr— CI 

chromic acid,) J II 

Chromous sulpliide . . . CrS". 
Dichromic trisul- f CrS"g„ 
phide I CrS" • ^ 



Sulphochromic anhy- 1 Qyg" ^ 
dride J 



MANGANESE, Mn. 

Atomic weight =55. Molecular weight unknown, Sp. gr, 7 
to 8. Atomicity ", *^ a/nd "^ ; also a pseudo-triad and a 
pseud-octad, Bvidence of atomicity : — 

Manganic perfluoride Mn^Tg. 

Analogy with chromium. 

The following are some of the more important compounds 
of this element : — 

Manganous chloride . MnCl,. CI — Mn — CI 

CI 



I— Ml 



Manganic chloride . . . MnCl^. CI— Mn— CI 

CI 

CI CI 

Dimanganic hexa- f MnCl3^ CI-mI- Jn-Cl 
chloride IMnClg j • 

CI CI 
Manganous hydrate.. MnHoj. H— 0— Mn— 0— H 



J. m.1 
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Maiiganous oxide ..• MnO. Mn=0 

Trimanganic tetr- TmiiOq q 

oxide* (JSatLsma- \ Mn ^ ; / \ / \ 

nite,) MnO^ 0=Mii-Mii-Mii=0 



^ 



or 

0— Mn— 
game tetroxide ... (^ J^rinu 0=Mn Mn=0 



ManganouB diman- JMnOii*- f; 
ganic tetroxide ...\MnO 

Dimanganic trioxide. J MnO^ ^ 

{Braunite.) \'MnO * 0:=Mn-Mn=:0 

H H 

Dimanganic dioxydi- 1 I 

hydrate. {Manga- \^^^^. O O 

mte.) ^ J J 

^ 0=Mn— Mn=0 

r MnO-O-, 

Varvicite \ Mno" (Mn^^Ho^)". 

[ MnO-O-" 

0=Mn— 0— Mn— 0— MnrrrO 
^O Mn 

H H 

Manganic oxide. 1 m„q 
(Fyroh^ite.) J 



(JPyrohmte.) 

Manganous diman- -^ 
ganic tetroxide di- 
liydrate. (Psilome. 
lane, Sartmangan.) 



MnHo^N TIT f/ 



/O— Mn— 0\ 
H— 0— Mn Mn— 0— H 

L_o-J 

» 





- Dipotassic manganato MnO-TTo,, K — — Mn — — K 

II 

o 



o 
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Dipotassic per-"* f'BfnO,(OKo) 
manganate J VMn''0,(OKo)- 



K K 

A A 
A A 

0=Mn— Mn=0 

II II 

O O 



Manganous sul- ' 
phide. (Man- 
ganese hlende.)..^ . 

DisulpliopotasBic 
trimanganous 
disulpliide 

Manganous carbo- 
nate. (Ma/nga- 
nese spar.) 

Dihydric manga- 1 

I... J 



MnS. 



MnlCs 

Mn 

MnKs 






COMno". 



SOHo.Mno", (3, 4 or 60H,). 



nous sulphate 

Dipotassic manga- 1 SO^Ko^j^^,,^ qq^^ 
nous disulphate. J SUaKo 



disulphat 

Aluminic manga-^ 
nous tetrasul- 
pliate. (Manga- y 
nese aluminium 
alum,) 



n 



Dimanganic trisul- 
pliate 



} 



Dipotassic diman- "^ 
ganic tetrasTil- 
phate. (Potas- 
sium manganese 
alum.) 



SO, 

fSO,-^ I 
Mno" CAV\0,y', 240H,. 
SO,—" I 
S0„ ' 



SO,-, 
SO^-CMn'^O.)"'. 

SO. 



SO,Ko-i 

|^»— [■Mn-'fir, 240H,. 

au^ — I 

SO.Ko-' 
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Dmydric dimanga- J po^^^^.. 
nous Qiphospnate J ^ * ^ 2 

Manganous sili- 
cate. (SiUcife- 
rom manganese, 
red manganese, ^ SiOMno". 
rotlier Mangan- 

' kiesel, Roth- 
hratmsteinerz.) ... 

Dimanganoua sili- " 
cate. (Tephro- 
tie.) 

Dihydric dimanga-^ 
nic silicate dihy- I 

drate. (Schwar- ^ SiHo^COMnHoX. 
zer Mangankie' 
seL) 

Hexmanganic mo- 
nosilicate. (JECe- 
terocline.) 



SiMno", 



Si('Mn"'Ai)^ 



r 

o 



■Si- 



o-^^o 



"I 




0=Mn--Mn Mn— Mn Mn— Mn 

\ / \/ \ / \ / \ / 




= 



Trifflucinic tetraman- fSiGo" 
ganous trisilicate J ^^ „ 



/jMu'-b^" 
sulphide. (Sel.^ ^^, \ I jj^»Q j • 



vine.) ■. I^Si&o"- 



^'j:srr:.°'{ig'""A)''.^°B.- 



[Si 



o2 



\QQ COMPOUNDS OF IRON. 

nWN, Ee. 

Atomic weight =56. ifolecular weight unknown. Sjp. gr. 7-8. 
Atomicity ", *% and '*. Evidence of atomicity i— -Analogy 
with chromium. 
The following is a list of tlie chief compounds of iron :— 
Perrons chloride ... PeCl,. Cl-Pe— CI 

CI CI • 

Ferric chloride { p^^j^ CI— Pe— Pe— CI 

CI CI 

Ferrous oxide PeO. Fe=0 

Ferrous hydrate PeHo^. H— 0— Fe— O— H 

Ferric oxide. {Bed 

hematite, micace- _ ^ r\ 

fPeO ^ 

0118 iron, oliqist, { «^/-.0. / \ 

-^.^,7.-. A^J ' I ^®^ 0=Fe— Fe=0 



specular iron, or 
iron glance,) 



^^,^.{^f. 



H H 

I \ 

H— 0— Fe— Fe— 0— H 

1 



O 

1 i 
H H 



H H H II 

Tetraferric trioxy- | I II 

hexahydrate. (Com- rPeOHo 

pact brown iron J^^^^^ oJe-Je-0-A 

ore, filrous brown ) PoTJq I I 

iron ore or hrovm I PeOHo 6 O 

hcematite.) I I 



=Pe— Fe-O-Fe— l'e=0 



wmm 
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Diferric dioxy-dihy- H H 

drate. (Medle (TeOHo I ' 

iron ore, brown \ PeOHo* . . 

iron ore.) O =:Ee— Ee= 

H H 



Diferric oxy-tetra- 

hydrate. (Another f PeHo^Q J, /_\ J 

variety of hrown \ TeHo^ " 1^ I^ 

iron ore.) 



H H 

rPeO^ 

Triferric tetroxide ... -(Pe ^; / \/ \ 

[ PeO^ 0= Fe— Fe— re= 

or 

Ferrous diferric te- 
troxide. (Magnetic \ pgnl'eo". 
iron ore.) 

0— Fe— 

0=Fe Fe=-0 



II 
Potassic ferrate PeOgKo^. K — — Fe — — K 

II 


Octoferrous sulphide "^""(Te^Y'S", 

Fe— Fe— Fe— Fe—Fe— Fe— Fe— re 

S y 



L 



Diferrous sulphide... {gs". |> 



Ferrous sulphide ... PeS". 
Ferric disulphide. l 

(Iron pi/rites, I PeS''^. S==Fe=^S 

martial ppntes.) J 



■^ -- — 
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Diferric trisulpWde | p^g"^ "• 



S 



Cu— Cu 
Diferric dicupric te- | | 

trasulpbide. (%- { |.j|(Cu,S",)". S S 

^er pyntes.) g =Pe— Pe=S 

Diferric hexani-l NeO,,('Fe"',Oe)'*- 
trate J 

Hexahydric di- *j 
ferric diphos- ^ P,Ho,(Te'",Ho,0,)\ 

pliate diliydrate. . 
rerrous sulphate . . SOHo.Eeo", 60H,. 



Dipotassic ferrous di- 
sulphate 



fSO,Ko 

\ -Feo^' , 60H,. 

[SO,Ko 



Diferric trisul- ^ > SO 



phate. (Coqumr 
hite.) 



SO,-('re'",0,)-, 90H,. 



Dipotassic diferric 
tetrasulphate. 
(Fotassmm iron 
altm,) 



so,--" 



SO^Ko-, 

loC (Te"',0.)^ 240H,. 

SO,Ko-l 



} 



Tetraferric sul- 1 S0,('Fe"'.0,)",6OH. 
phate 



Tetrahydric tetra- 
ferric sulphate 
octohydrate. 
(Vitriol ochre.) 



SHoXFe"',OHo,0,)". 
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Heptaferric octo- 

sulphide. (-3%- [ PCtS'V 
netic pyrites,) ... 



S S S 8 S 8 

/\/\/\/v/\/\ 

S=re--re— Pe— re -Pe-Pc— re=S 

OOFeo". 



Ferrous carbonate. 
{Spathic iron 
ore,) 

fNO 
Ferrous nitrate ... < Feo '. 

Ino 

COBALT, Co. 

Atomic weight =5 58*8. Molecular weight unknown, Sp.gr, 8'5. 
Atomicity ", *% and ^^ ? also a pseudo-triad. 

For evidence of the atomicity of cobalt see the following list 
of the chief compounds of this metal : — 

Cobaltous chloride . . . OoClj. Ci— Co— CI 

CI CI 

Cobaltic chloride . . . { § J^J^ CI— Co— Co— CI 



CI CI 
Cobaltous oxide CoO. Co=0 

f CoO^ O 

Cobaltic oxide [ Qoo^- 0=Co— Co=0 

Cobaltous dicobaltic f OoO^ ^„ 0— Co— 0^ 
tetroxide t OoO ^^ ' 0=Co Co=0 



Hexacobaltic hept- \ q q 
oxide J 




0=Co— Co— Co— Co— Co— Co=0 



faaHIMMI 



««««■ 



^m 
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Cobaltic oxy-dihydrato 



Cobaltous sulphide 

Cobaltic sulphide. (Cobalt 
pyrites,) 

Dipotassic cobaltous disul- 1 
phate J 

Dihydric pentacobaltous 1 
dicarbonatetetrahydraiie J 



CoHoj. 



f CoOHo 
1 CoOHo" 

CoS". 

r'CoS"Q,/ 

\ CoS"^ • 



H— 0— Co— 0— H 
H H 

A i 
I I 

0=Co— Co=0 



iofiCoo", 60H, 



} 



Dicobaltous carbonate di- 
hydrate 

Dipotassic cobaltous dicar- 1 
bonate J 



Cobaltoso-diaramon-diammo- 
nic dichloride 



V. 



Dicobaltic hexammon-hexam- 
monic hexachloride. {Lu- 
teo-oohaU chloride.) 



Dicobaltic tetrammon-hex- 
ammonic hexachloride. 
(JRoseO'Cohalt or ptirp ureo- 
cobalt chloride.) 

Cobaltous dinitrate 



CHo(OCo"Ho),(. „ Q2 
OHo(0Co"Ho),^°° ' "^i"- 

.CO(OCo"HoX. 
gg|°Coo", lOOH, 

NH.Cl • 
■I Co" . 
NH,C1 

r-NH,(N'H,)Cl 
Co-NH,(N'H,)Cl 

^NH:(N'H,)C1 

r-NHiN'HJCl- 
Co-WH,(N'H,)Cl 

>— NHjCN'HJCl 

r-NH,(N'H,)Cl 
Co-WH.;(N'Hi)Cl 

■— NH^Cl 

r-NH3Cl 
Co-NH„(jSr'H,)Cl 

1— NH;(N'H,)C1 

g^^^Coo", 60H,. 



I 
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Cobaltic disulphide 



Cos,. 



DicobaltouB oxy sulphide. 



Co 
Co 



OS". 



/0\ 
Co Co 



Dihjdric cobaltous sulphate. SOHo^Coo", GOHj. 



NICKEL, Ni. 

Atomic wei^Tit =5S'S. Molecular wdgM unJcnown, Sp.gr»S'7, 
Atomicity ", *^ and '^ ? also a pseudo-triad. 

Annexed is a list of the chief compounds of this metal : — - 

Nickelous chloride NiCl, CI— Ni— CI 

Nickelous oxide NiO. 



Nickelic oxide 



fNiO 
t NiO"- 



/0\ 
0=Ni— Ni=0 

H H 







Nickelic hydrate. 



NiHo, 
NiHo. 



. H— 0— N 







i— Ni— 0— H 

I 

I 





H H 



Nickelous hydrate NiHo 

Dinickelous sulphide j tm-jS". 

Nickelous sulphide. ' 

(Capillary j?i/rites, I NiS". 

hair nickel.) 

Nickelic disulpliide NiS". . 

"" phate!"'''^^^^^^^^^^^ } S0HO.M0". 60H.. 



S=Ni-:S 
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Dipotassic nickelous di- I j^. J/r gQH 
sulphate jsOjKo 



II II 

K— 0— S— 0— Ni— 0— S— 0— K 

I' Ji 

o o 

[NO, 
Nickelous dinitrate < Nio", 60H,. 

Dihydric pentanickelous f CHo(Ni"0Ho)2 

dicarbonate tetrahy- i Nio" , 2OH3. 

drate lCHo(Ni"OHoX 

^COKo 

Dipotassic nickelous tri- J /3;n[4q" i qOH 

carbopate [ 

i^OOKo 



/AO 
[i 
{Kupfemickel.) ...J ^^* ' ^As3 



Nickelous diarsenide. 1 "Aa!-^-^,^ j^ j 

licJceL) ... J "^^' 



or 



// 



(^:Nr. ^:;Tl 



"A«'— , cAs AsD 

"As'~i J. NaT'/ 

Nickelic tetrarsenide. "As^ '^^ / \ 

"As'lU CAs AsD 

Nickelous sulphide di- /As\ 

arsenide. ( Grey nickel | ■'^s^'Ni". ^i I ^ 
ore, nickel glance J) ^ "^ \As/ 
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Absolute atomicitj, 21. 
Acid, arsenic, 127. 

arsenious, 126. 

boracic, 56. 

boric, 36. 

boric monobasic, 55. 

boric tribasic, 55. 

bromic, 91. 

carbonic, 58. 

chlorhydric, 39. 

chloric, 50. 

chlorochromic, 192. 

chlorous, 49. 

disulphodithionic, 77, 8i^. 

disulphuretted hyposulphuric, 
85. 

dithionic, 76, 84. 

graphic, 58. 

hydriodic, 93. 

hydrobromic, 89. 

hydrochloric, 39. 

hydrofluoric, 99. 

hydrofluoboric, 55. 

hydroselenic, 86. 

hydrosulphuric, 72. 

hypobromous, 91. 

hypochlorous, 48. 

hypophosphorous, 118. 

hyposulphuric, 84. 

hyposulphurous, 76, 83, 

iodic, 95, 96. 

metabismuthic, 144, 147. 

metabismuthous, 144, 146. 

metaboric, 55, 56. 

metantimonic, 135, 138. 

metantimonic, of Fr6my, 139. 

metantimonious, 135, 136. 

metaphosphoric, 119, 121. 

metarsenic, 127. 
> metastannic, 109. 

muriatic, 39. 

nitric, 63. 

nitric, manufiicture of, 63. 
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Acid, nitrous, 63, 65. 

orthantimonic, 134, 135. 

orthobismuthous, 146. 

orthoboric, 56. 

orthophosphoric, 122. 

parantimonic, 139. 

pentathionic, 77, 85. 

perchloric, 51. 

perchromic, 191. 

periodic, 95, 98. 

phosphoric, 119, 122. 

phosphoric dodecabasic, 1 19. 

phosphoric hexabasic, 119. 

phosphorous, 118, 120. 

pyrantimonic, 135, 139. 

pyrarsenic, 127. 

pyrophosphoric, 119, 122. 

selenic, 87. 

selenious, 87. 

silicic, 104, 105. 

stannic, 108. 

Bulpharsenic, 128. , 

sulpharsenious, 128. 

sulphhydric, 72. 

sulphocarbonic, 75. 

sulphochromic, 191. 

sulphodithionic, 76, 84. 

sulphosulphuric, 76, 83. 

sulphuric, 76, 80. 

sulphuric, manufacture of, 81. 

sulphuric (Nordhaiisen), 76, 
79. 

sulphurous, 76. 

tetrathionic, 77, 85. 

titanic, 110. 

trisulphodithionic, 77, 85. 

trisulphuretted hyposulphuric, 
85. 

trithionic, 76, 84. 
Acid salts, definition of, 13. 
Acids, anhydrous, definition of, 8, 10. 
definition of, 8. 
dibasic, definition of, 9. 
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Acids, formation from anhydrides, 
44. 
monobasic, definition of, 9. 
nomenclature of, 9. 
of antimony, 134. 
„ of chlorine, 48. 
„ of nitrogen, 63. 
„ polybasic, definition of, 9. 
Action, chemical, modes of, 1. 
Active atomicity, 21. 
Affinity, chemical, 4. 
Agalmatolite, 181. 
Alabaster, 164. 
Albite, 182. 
Allophane, 180. 
Allotropic oxygen, 42. 

„ phosphorus, 112. 
„ varieties of sulphur, 72. 
Alum, common, 181. 
Aluminite, 180. 
Aluminiuzn, 179. 
Agalmatolite, 181. 
Albite, 182. 
Allophane, 180. 
Alum, 181. 

Aluminate, dipotassic, 180. 
„ magnesic, 180. 

Aluminic calcic disilicato, 107. 
calcic trisilicate, 107. 
chloride, 179. 
hydrate, 179. 
manganous disilicate, 

195. 
manganous tetrasul- 

pbate, 194. 
oxide, 179. 
oxydihydrate, 180. 
sulphate, 180. 
sulphate tetrahydrate, 

180. 
sulphide, 180. 
tricalcic trisilicate, 
107. 
Aluminite, 180. 

Alum, manganese aluminium, 
194. 
potassium chrome, 191. 
potassium manganese, 
194. 

Alum-stone, 181. 
Alunite, 181. 
Analcime, 182. 
Andalusite, 181. 



if 



it 



)i 



11 



)} 



a 



a 



it 



>> 



>» 



» 



a 



>> 



»> 



)> 



Aluminium {continued), 

Anorthite, 107. 

Atomicity of aluminium, 179. 

Buchholzite, 181, 

Chiastolite, 181. 

Cimolite, 181. 

CoUyrite, 181. 

Compounds of ali;minium, 179. 

Oyanite, 181. 

Diaspore, 180. 

Dihydric aluminic tetrasilicate, 
107. 

Dipotassic aluminate, 180. 

aluminic hexasilicate, 

107.^ 
aluminic tetrasul- 
phate, 181. 

Emerald, 107. 

Felspar, 107. 

Fibrolite, 181. 

Gibbsite, 179. 

Grossularia, 107. 

Kaolin of Ellenbogen, 181. 

Labradorite, 107. 

Lepidolite, 182. 

Magnesic alimiinate, 180. 

Malthacite, 182. 

Miloschine, 181. 

Orthose, 107. 

Porcelain clay, 181. 

„ clay of Passau, 181. 

Prehnite, 180. 

Pyrophyllite, 107. 

Bazoumoffskin, 182. 

Saponite, 182. 

Sillimanite, 181. 

Spinelle, 180. 

Spodumene, 180. 

Topaz, 180. 

Triglucinic aluminic hexasili- 
cate, 107. 

Wernerite, 181. 

Worthite, 181. 

Xenolite, 181. 

Zoisite, 180. 
Alum, manganese aluminium, 194. 
„ potassium chrome, 191. 
„ potassium manganese, 194. 
Alum-stone, 181. 
Alunite, 181. 
Amidogen, 28. 
Ammonia, 61, 68. 
Ammonic chloride, 61, 68. 
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Ammonic salts, G8, 70. 
Ammoniocupric carbonate, 177. 
„ sulphate, 176. 

Ammonium, 69. 

„ amalgam, 69. 

Ammonoxyl, 28. 
Amorphous boron, 52. 
„ carbon, 58. 

„ phosphorus, 112. 

Analcime, 182. 
Anatase, 110. 
Andalusite, 181. 
Anhydride, antimonic, 135, 137. 

antimonious, 134, 135. 
arsenic, 126, 127. 
arsenious, 126. 
auric, 178. 

bismuthic, 143, 144, 146. 
boric, 65. 
carbonic, 59. 
chlorous, 47. 
chromic, 190. 
hjpobromus, 91. 
hypochlorous, 47. 
iodic, 95. 
nitric, 63, 64, 
nitrous, 62, 64. 
periodic, 95, 97. 
phosphoric, 118, 121. 
phosphorous, 118, 120. 
selemous, 87. 
silicic, 104, 105. 
silicoformic, 102. 
stannic, 108. 
sulphantimonic, 142. 
sulphantimonious, 140. 
sulpharsenic, 128, 129. 
sulpharsenious, 128. 
sulphochromic, 192. 
sulphuric, 76, 79. 
sulphurous, 76, 77. 
titanic, 110. 
Anhydrides, conversion into acids,44. 

„ definition of, 8, 10. 

Anhydrous acid, definition of, 8, 10. 
Anorthite, 107. 

Antimonic chloride, 129, 132, 133. 
„ oxy trichloride, 134. 
„ sulphide, 140, 142. 
„ Bulphotrichloride, 134. 
„ tetretho-chloride, 129. 
Antimonious amylide, 132. 

„ anhydride, 134, 135. 
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Antimonious argentide, 131. 

bromide, 131, 134. 
chloride, 129, 132. 
ethide, 132. 
fluoride, 134. 
hydride, 130. 
iodide, 134. 
oxide, 134, 135. 
oxybromide, 134. 
oxychloride, 133. 
oxydisulphide, 139. 
oxyiodide, 134. 
sulphide, 140. 
zincide, 132. 
Antimoniuretted hydrogen, 130. 
Antimony, 129. 

compound of, with oxygen 

and sulphur, 139. 
compounds of, with sul- 
phur, 140. 
copper glance, 141. 
ore, grey, 140. 
oxides and acids of, 134. 
red, 139. 
Apatite, 123. 
Aquafortis, 63. 
Are, 33. 

Argentic compounds (see Silyer). 
Arsenic, 123. 

compounds of, with oxygen 

and hydroxyl, 126. 
compounds of, with sulphur 

and hydrosulphyl, 128. 
sulphide, 128, 129. 
white, 126. 
Arsenious chloride, 124, 125. 
„ hydride, 124. 
„ sulphide, 128. 
Arseniuretted hydrogen, 124. 
Artiads, definition o^ 20. 
Atomic combination, 30. 
„ weight, 2. 
„ weights, table of, 6. 
Atomicity, absolute, 21. 
active, 21. 

apparent variation of, 20. 
latent, 21. 

law of variation of, 21. 
marks, 18. 
of elements, 17. 
Atoms, 2. 

Auric compounds (see Gold). 
Aurous compounds (see Gold). 
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Azote, 61. 
Azurite, 177. 

Baric carbonate, 161. 
chloride, 159. 
hydrate, 159, 163. 
nitrate, 161. 
oxide, 159, 160. 
peroxide, 160, 162. 
^ „ sulphate, 161. 
Barium, 159. 

compound of, with hydroxyl, 

163. 
compounds of, with oxygen, 

m. 

Baryta, 160. 

„ caustic, 163. 
Bases, definition of, 11. 

organic, periodides of, 31. 
systematic and irregular 
names of, 11. 
Basic salts, definition of, 13. 
Berthierite, 141. 
Binary compounds, 7. 
Bismuth, 143. 

compound of, with chlo- 
rine, 143. 
compounds of, with oxy- 
gen and hydroxyl, 144. 
compounds of, with sul- 
phur, 148. 
glance, 148. 
ochre, 145. 
telluric, 149. 
Bismuthic oxide, 146. 
Bismuthous bromide, 144. 
chloride, 143. 
dichlorethide, 143. 
ditelluro-sulphide, 149. 
ethide, 143. 
fluoride, 144. 
iodide, 144. 
nitrate, 145. 
nitrate dihydrate, 145. 
oxide, 143, 144, 145. 
oxybromide, 144. 
oxychloride, 144. 
oxyhydrate, 144, 14G. 
o^iodide, 144. 
sulphide, 148. 
Bismuthylic carbonate, 146. 
Bleaching-powder, 49, 165. 
Blende, manganese, 194. 
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Blue copper, 175. 

„ malachite, 177* 
Bonds, definition of, 18. 

„ nature of, 25. 
Bone-ash, 111, 
Boracite, 56. 
Borates, 56. 
Borax, 56. 
Boric bromide, 54. 

„ chloride, 54. 

„ ethide, 52. 
fluoride, 54. 
nitride, 57t 

„ sulphide, 57. 
Boron, 52. 

„ amorphous, 61. 

„ diamond, 53. 

„ compounds of, with oxygen 
and hydroxyl, 65. 
Boulangerite, 141. 
Boumonite, 141, 
Bracket, use of, 16. 
Braunite, 193. 
Brochantite, 176. 
Bromates, 92. 
Bromine,,88. 

, , • compounds of, with oxygen 

and hydroxyl, 90. 
„ hydrate, 89. 
Brookite, 110. 
Brown haematite, 196. 

„ iron ore, comport, 196, 

„ „ fibrous, 196. 

Brucite, 166. 
Buchholzite, 181. 

Gadmic chloride, 171. 
hydrate, 171. 
oxide, 171. 
sulphate, 171. 
Cadmium, 171. 
Caesium, 157. 
Calamine, 169, 170. 

„ electric, 169. 
Calc spar, 164. 
Calcic carbonate, 164, 
chloride, 164. 
chlorohypochlorite, 165, 
dihydric, dicarbonate, 165, 
fluoride, 164. 
hydrate, 164, 165. 
magnesic dicarbonate, 166. 
magnesic disilioate, 107* 
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Calcic metaphosphate, 111. 
,, pxidfi, 164, 165. 
„ oiTSulphide, 156. 
„ peroxide, 165. 
„ phosphate, 164. 
„ phosphide, 114. 
„ totranydrie sulphate, 164. 
Calcium, 164. 
Capacity, measures of, 33. 
Capillary pyrites, 201. 
Carbon, 58. 

„ amorphous, 58. 

„ compounds of, with oxygen, 

59. 
„ varieties of, 58. 
Carbonates, 60. 
Carbonic disulphide, 74. 
„ oxide, 60. 
„ Qxydichloride, 61. 
„ tetrachloride, 58. 
Caustic baryta, 163. 
„ potash, 151. 
Celestine, 164. 
Cervantite, 137. 
Chalcedony, 106. 
Chalk, 164. 

Chemical action, modes of, 1. 
„ affinity, 4. 
„ equations, 15. 
,, notation, 14. 
Chemistry, definition of, 1. 
Chiastolite, 181. 
Chlorates, preparation of, 50. 
Chlorhydnc acid, 39. 
Chlorides, 40. 

„ of selenium, 86. 
Chlorine, 38. 

„ compounds of, with oxy- 
gen and hydroxyl, 46. 
„ oxides of, 46. 
Chloroform, silicon, 102. 
Chloronitric gas, 68. * 
Chloronitrous gas, 67. 
Chloropal, 107. 
Chloropemitric gas, 68. 
Chrome iron ore, 190. 

„ potassium alum, 191. 
CliTomiuxn, 189. 

Chlorochromic acid, 192. 
Chrome iron ore, 190. 
Chromic anhydride, 190. 
„ chloride, 189. 
„ dichlorodioxide, 192. 
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Chromium {continued). 
Chromic dioxide, 190. 
„ hydrate, 191. 
„ oxide, 189. 
„ perfluoride, 189. 
Chromium, atomicity of, 189. 

„ compounds of, 189. 

Chromous chloride, 189. 

dichromic tetroxide, 

190. 
dipotaasic disulphate, 
191. 
„ hydrate, 189. 
„ oxide, 189. 
,^ sulphide, 192. 
Crocoisite, 191. 
Dichromic ferrous tetroxide, 
190. 
„ hexanitrate, 191. 
„ trisulphate, 191. 
„ trisulphide, 192. 
Dihydric sulphate chromate, 

191. 
Diplumbic chromate, 188. 
Dipotassic chromate, 190. 

„ chromous disulphate, 
191. 
dichrom'ate, 190. 
dichromio tetrasul- 
phate, 191. 
„ tnchromate, 190. 
Normal potassic chromate, 

190, 
Octochromic carbonate dihy- 

drate, 191. 
Ferchromic acid, 191. 
Plumbic chromate, 191. 
Potassic bichromate, 190. 
„ ohlorochromate, 192. 
„ terchromate, 190. 
Potassium chrome a]!um, 191. 
Eed lead ore, 191. 
Sulphochromio acid, 191. 
„ anhydride, 

192. 
Tetrapotassic dichromosul- 

phate, 191. 
Triplumbic dichromate, 188. 
Cimolite, 181. 
Cinnabar, 172. 
Classification of elements, 31. 
Clay, porcelain, 181. 
„ porcelain of Passau, 181. 
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Cobalt, 199. 

Atomicity of cobalt, 199. 
Cobalt pyrites, 200. 
Cobaltic chloride, 199. 

disulphide, 201. 
oxide, 199. 
oxydihydrate, 200. 
„ sulphide, 200. 
Cobaltoso-diainmon-diammonic 

dichloride, 200. 
Cobaltous chloride, 199. 

dioobaltic tetroxide, 

199. 
dihydric sulphate, 

201. 
dinitrate, 200. 
dipotassic dicarbo- 

nate, 200. 
dipotassic disulphate, 

200. 
hydrate, 200. 
oxide, 199. 
sulphide, 200. 
Compounds of cobalt, 199. 
Dicobaltic hexammon-hexam- 
monio hexachlo- 
ride, 200. 
„ tetrammon-hexam- 

monic hexachlo- 
ride, 200. 
BioobaltouB carbonate dihy- 
drate, 200. 
„ oxysulphide, 201. 

Dihydriccobaltous 8ulphate,201 . 
„ . pentacobaltouH dicar- 
bonate tetrahy- 
drate, 200. 
Dipotassic cobaltous dicarbo- 
nate, 200. 
„ cobaltous disulphate, 
200. 
Hexacobaltic heptoxide, 199. 
Luteo-cobalt chloride, 200. 
Purpureo-cobalt chloride, 200. 
Boseo-cobalt chloride, 200. 
Collyrite, 181. 
Combination, atomic, 30. 

„ molecular, 30. 

Combining proportions, 2. 
Common sodic phosphate, 123. 
Compound radicals, 26. 

radicals, chief inorganic, 
, list of, 28. 
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Compound radicals, definition of, 27. 
radicals, dyad, 27. 
radicals, monad, 27. 
radicals, symbols of, 28. 
.radicals, triad, 27. 
substances, 1. 
of nitrogen with chlorine, 

70. 
of nitrogen with iodine 

and hydrogen, 71. 
of nitrogen with chlorine 

and oxygen, 67. 
of nitrogen with hydro- 
gen, §8. 
Compounds, 1. 

binary, 7. 

of boron with oxgen 

and hydroxyl, 55. 
of chlorine with oxygen 

and hydroxyl, 46. 
of carbon with oxygen, 

59. 
of nitrogen with oxygen 

and hydroxyl, 62. 
of sulphur with positiye 
elements, 72. 
Constitutional formulae, 17. 
Copper, 174. 

Ammoniocupric carbonate, 177. 
„ sulphate, 176. 

Atomicity of coJ)per, 174. 
Azurite, 177. 
Blue copper, 175. 

„ malachite, 177. 
Brochantite, 176. 
Compounds of copper, 174. 
Copper azure, 177. 
glance, 175. 
„ pyrites, 198. 
Cupric chloride, 174. 
hydrate, 175. 
nitrate,' 175. 
oxide, 175. 
phosphide, 113. 
sulphide, 175. 
sulphohydrate, 175. 
Caprodiammonic carbonate, 

177. 
Cuprous chloride, 174. 
hydrate, 174. 
hydride, 174. 
„ oxide, 175. 
„ quadrantoxide, 175. 
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Copper (contimied). 

Cuprous sulphide, 175. 
Dicupric carbonate, 176. 

„ carbonate dihydrate, 
176. 
Diferric dicupric tetrasulphide, 

198. 
Dihydric cupric sulphate, 175. 
diammonio cuprodi- 
ainmomcBalphate,176 
tetracupric sulphate 

tetrahydrate, 176. 
tricupric dicarbonate, 
176. 
Dioptase, 177. 
Bipotassio cupric disulphate, 

176. 
Hydrio cupric silicate hydrate, 
177. 
pentacupric sulphate 

pentahydrate, 176. 
tricupric sulphate tri- 
hydrate, 175, 
Indigo copper, 175. 
Malachite, 176. 
Mountain-blue, 177. 
Mysorin, 176. 
Red copper ore, 175. 
Ruby ore, 175. 
Coquimbite, 198. 
Cream of tartar, 136. 
Crith, 34. 

„ use of the, 35. 
Crocoisite, 191. 

Crystallization, water of, 30, 44. 
Cubic foot, 33. 

Cupric compounds (see Copper). 
Cuprous compounds (see Copper). 
Cyanite, 181. 
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Dark-red silver, 141. 


Definition of acids, 8. 




acid salts, 13. 




anhydrides, 8, 10. 




anhydrous acids, 8, 10. 




artiads, 20. 




bases, 11. 




basic salts, 13. 




chemistry, 1.. 




compound radicals, 27. 




dyads, 20. 




dibasic acids, 9. 
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haloid salts, 12. 
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Definition of hexads, 20. 

hydrates, 11. 

monads, 19. 

monobasic acids, 0. 

neutral salts, 12. 

normal salts, 12. 

oxysalts, 12. 

pentads, 20. 

perissads, 20. 

polybasic adds, 9. 

salts, 12. 

sulpho-salts, 12. 

tetrads, 20. 

triads, 20. 
Diamide, trimercuric, 174. 
Diamond, 59. 

„ boron, 53. 
Diarsenious disulphide, 128. 
Diaspore, 180. 
Diatomic molecules, 3, 19. 
Dibasic acids, definition of, 9. 
Dibismuthic tetroxide, 144. 
Dibismuthous dioxide, 144. 

„ disulphide, 148. 

„ tetrachloride, 144. 

Dicadmic sulphate dihydrate, 171. 
Dicalcic carbonate dihydrate, 165. 
Dichlorethide, bismuthous, 143. 
Diglucinic silicate, 106. 
Diopside, 107. 
Dioptase, 177. 
DisUicic hydrotrioxide, 102. 
Disodic disulphate, 79. 
Displaceable hydrogen, 9. 
Disulphide, dibismuthous, 148. 
Ditelluro-sulphide, bismuthous, 149. 
Dithionates, 84. 
Dititanic dinitride, 110. 

„ hexachloride, 110. 
Dizirconic silicate, 106. 
Dodecasodic decaphosphate, 119. 
Dolomite, 166. 
Dyad compound radicals, 27. 

„ elements, 40, 159. 
Dyads, definition of, 19. 
„ list of, 32. 

Electric calamine, 169. 
Electro-negative elements, 4, 
„ -positive elements, 4. 
Elementary molecule, 2. 
Elements, 1. 
|. „ atomicity of, 17. 



/ 



210 



INDEX. 



Elemente, clAssiBcation of, al. 

dyad, 40, 159. 

electro-negatire, 4. 

electro-positive, 4. 

hexad, 71, 189. 

monad, 36. 149. 

names of, 6, 7. 

negative, 4. 

pentad, 61, 11 J. 

positiye, 4. 

table of, 6. 

tetrad, 68, 179. 

triad, 52, 178. 
Ellenbogen, kaolin of, 181. 
Embolite, 158. 
Emerald, 107. 
Emetic tartar, 136. 
Empirical formul», 17. 
Enstatite, 106. 
Equations, chemical, 15. 
Ethide, antimonious, 132. 
„ boric, 52. 

bismuthouB, 143. 
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Fahl ore, 141. 

Feather ore, 141. 

Felspar, 107. 

Ferric compounds (see Iron). 

Ferrous compounds (see Iron). 

FibroUte, 181. 

Fibrous brown iron ore, 196. 

Flint, 106. 

Fluoride, autimonious, 134. 

bismuthous, 144. 

j boric; 54. 

silicic, 103. 
Fluorine, 98. 

„ compound of, ^ith hydro- 
gen, 99. 
Foot, 33. 

„ cubic, 33. 
FormulflB, 14. 

constitutional, 17. 

empirical, 17. 

graphic, meaning of, 2x\ 

ratiunal, 17. 

statical and dynamical, 26. 
Fowlers solution, l26. 
Francolite, 123. 

G-alena, 186. 

Gallon, 33. 

Gas, chloronilric, 68. 
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Gas, chloronitrous, 67. 
chloropemitric, 63. 
laughing, 66. 
phosgene, 61. 
Gaseous phosphoretted hydrogen, 

112. 
Gibbdte, 179. 
Glance, bismuth, 148. 
iron, 196. 
nickel, 202. 
silver, 158. 
Gold, 178. 

Atomicity of gold, 178. 
Auric anhydride, 178. 
chloride, 178. 
iodide, 178. 
oxide, 178. 
„ sulphide, 178. 
Aurous chloride, 178. 
iodide, 178. 
oxide, 178. 
sulphide, 178. 
Compounds of gold, 178. 
Potassic aurate, 178. 
Grain, 34. 
Gramme, 34. 
Graphic a';id, 58. 

formuhe, meaning of, 25. 
notation, 23. 
Graphite, 58. 

Green salt of Magnus, 183. 
Greenockite, 171. 
Grey antimony ore, 140, 

„ nickel ore, 202. 
Grossularia, 107. 
Guanite, 167. 
Gypsum, 164. 

Haematite, brown, 196. 

„ red, 196. 
Hair nickel, 201. 
Haloid salts, definitiun of, 12. 
Hartmangan, 193. 
Hausmanite, 193. 
Heavy spar. 160. 
Helvine, 195. 
Hepar sulphuri.«, 154. 
Heterocline, 195. 
Hexad elements, 71, 189. 
Hexads, definition of, 20. 

list of, 32. 
Hexasodic tetr»phosphate, 119. 
Hexatomic molecules, 3. 
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Horn-mercury, 172. 

„ silyer, 158. 
Hydrate, argentic, 159. 
„ baric, 163. 
„ cadmic, 171. 
„ calcic, 165. 
„ magnesic, 166. 
„ potassic, 151. 
„ sodic, 155. 
„ strontic, 163. 
„ zincic, 170. 
Hydrates, 44. 

,, definition of, 11. 
Hydiic oxide, 44. 
„ peroiide, 45. 
„ persulphide, 74. 
„ sulphate, 76. 
Hydride, antimonious, 130. 
„ cuprous, 174. 
„ silicic, 101. 
Hydrochloric acid, 39. 
Hydrodiniodide, nitrous, 71. 
Hydrogen, 36. 

„ compounds of, with ni- 
trogen, 68. 
„ displaceable, 9. 

„ sulphuretted, 72. 

Hydrosulphate, hyposulphurous, 74. 
Hydrosulphyl, 28, 74. 
Hydrotriohloride, silicic, 102. 
Hydrotrioxide, disilicic, 102. 
Hydroxyl, 28, 45. 
Hyperoxide, chloric, 46. 
Hypochlorites, 49. 
Hypochlorous anhydride, 47. 
Hyposulphites, 83. 
Hyposulphurous hydro3uli)hate, 74. 

Indigo copper, 175. 

Inorganic compound radicals, ch'cf, 

list of, 28. 
lodates, 97. 

Iodide, antimonious, 134. 
„ bismuthous, 144. 
„ phosphonic. Ill, 113. 
Iodine, 92. 

„ compounds of, with oxygen 
and hydroxyl, 95. 
Iron, 196. 

Atomicity of iron, 190. 
Brown haematite, It 6. 
„ iron ore, 107. 
Chrome iron ore, 190. 
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Iron {continmd). 

Compact brown iron ore, 196. 
Compounds of iron, 196. 
Copper pyrites, 198. 
Coquimbite, 198. 
Dichromic ferrous tetroxide, 

190. 
Diferric dicuprio tetrasulphide, 
198. 
dioxy-dihydrate, 197. 
hexahydrate, 196. 
hexanitrate, 198. 
oxy-tetrahydrate, 197. 
trisulphate, 198. 
trisulphide, 198. 
Biferrous sulphide, 197. 
Pipotassicdiferric tetrasulphate, 
• 198. 
j, ferrous disulphate, 
198. 
Ferric chloride, 196. 

disulphide, 197. 
oxide, 196. 
trisilicate, 107. 
Ferrous carbonate, 199. 
chloride, 196. 
dichromic tetroxide, 

190. 
diferric tetroxide, 197. 
dipotassic disulphate, 

198. 
hydrate, 196. 
nitrate, 199. 
oxide, 196. 
sulpliate, 198. 
sulphide, 197. 
Heptaferric octosulphide, 1 99. 
Hexahydric diferric diphosphate 

dihydrate, 198. 
Iron glance, 196. 
,, micaceous, 196. 
,, ore, brown, 197. 
„ ore, compact brown, 1C6. 
„ ore, fibrous brown, 190. 
„ ore, magnetic, 197. 
„ ore, needle, 197. 
ore, spathic, 199. 
potassium alum, 198. 
pyrites, 197. 
specular, 196. 
Magnetic iron ore, 197. 

„ pyrites, 199. 
Martial pyrites, 197. 
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Iron (continued). 

Hicaoeoos iron, 196. 

Needle iron ore, 197. 

OctoferrouB galphide, 197. 

Oligisf^ 196. 

Potassic ferrate, 197. 

PotAfisiam iron aliim, 198. 

Bed haematite, 196. 

Spathic iron ore, 199. 

Specular iron, 196. 

Tetraferric Bulphato, 198. 

„ trioxyhexahydrate, 
196. 

Teirahydric tetraferric sulphate 
octohydrate, 198. 

Triferric tetroxide, 197. 

Vitriol ochre, 198. 
Irregular names, 8, 11. 

„ names of bases, 11. 

Kaolin of Ellenbogen, 181. 
Kobellite, 149. 
Kupfemickel, 202. 

Labradorito, 107. 
Lanarkito, 188. 
Latent atomicity, 21. 
Laughing gas, 60. 
Law of volumes, 3, 

Zjead,184. 

Basic hyponitrate of lead, 187. 
Crocoisite, 191. 

Dihydric diplumbic nitrate hy- 
drate, 187. 
diplumbic nitrate ni- 
trite, 187. 
triplumbic dicarbo- 
nate, 188. 
Diplumbic chromate, 188. 

dibydrate carbonate, 

Yorke's, 187. 
nitrite hydrate, 186. 
„ ' oxvfihlorohydrate, 
186. 
oxydichloride, 185. 
oxydihydrate, 185. 
sulphate carbonate, 

188. 
Bulphodichloride, 

186. 
trioxide, 185. 
Bipotassic plumbate, 188. 
Gblena, 186. 
Hvdric plumbic nitrate, 187. 
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Lead {continued), 
Lanarkite, 188. 
Lead, atomicity of, 184. 
compounds of, 184. 
spar, 187. 
Titriol, 186. 
LeadhiUito, 188. 
Litharge, 185. 
Matlockite, 185. 
Mendipite, 186. 
Octoplumbic heptoxjdichloride, 

18o. 
Plattnerito, 185. 
Plumbic carbonate, 187. 
chloride, 184. 
.chlorohydrate, 185. 
chromate, 191. 
dinitrate, 187. 
dinitrito, 186. 
hydrate, 185. 
nitrite hydrate, 186. 
oxide, 185. 
peroxide, 185. 
sulphate, 186. 
sulphide, 186. 
Plumbous oxide, 185. 
Bed lead, 185. 

„ ore, 191. 
Tetraplumbic pentoxide, 185. 
„ tricarbonate sul- 

phate, 188. 
Triplumbic dichromate, 188. 

dihydrato dicarbo- 

nate, 188. 
oxydichloride, 186. 
tetroxide, 185. 
White lead, 188. 
„ lead ore, 187. 
Lead, basic hyponitrate of, 187. 
ore, red, 191. 
ore, white, 187. 
red, 185. 
spar, 187. 
vitriol, 186. 
white, 188. 
Leadhillite, 188. 
Length, measures of, 33. 
Lepidolite, 182. 
Letters, thick, use of, 16. 
Lime, chloride of, 49, 165. 

„ slaked, 165. 
Liquid phosphoretted hydrogen, 1 12, 
114. 
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List of dyads, 32. 
„ hexads, 32. 
„ monads, 32. 



>> 



pentads, 32. 

tetrads, 32. 

triads, 32. 
Litharge, 185. 
Lithia, 156. 
Lithic chloride, 156. 
„ hydrate, 156. 
Lithium, 156. 
Litre, 33. 

Liver of sulphur, 154. 
Luteo-cobalt chloride, 200. 

Magnesia, 166. 

„ alba, 168. 
Magnesic aluminate {Spinelle), 180. 
•„ ijarbonate, 167. 
„ chloride, 166. 
„ hydrate, 166. 
„ oxide, 166. 
„ sulphate, 166. 
Magnesite, 167. 
Magnesium, 166. 
Magnetic iron ore, 197. 

„ pyrites, 199. 
Magnus, green salt of, 183. 
Malachite, 176. 

blue, 177. 
Malthacite, 182. 
Manganese, 192. 

Aluminic manganous disilicate, 
196. 
„ manganous tetrasul- 
phate, 194. 
Atomicity of manganese, 192. 
Braunite, 193. 

Compounds of manganese, 192. 
^ Dihydricdimanganic silicate di- 
hydrate, 195. 
„ dimanganous diphos' 

phate, 195. 
„ manganous sulphate, 
194. 
Dimanganic dioxydihydrate, 
193. 
., hexachloride, 192. 

„ trioxide, 193. 
• „ trisulphate, 194. 

Dimanganous silicate, 195. 
Dipotassic dimanganic tetrasul- 
phate, 194. 
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SlaJiganese (contimced). 
Bipotassicmanganate, 193. 

manganous disul- 

phate, 194. 
permanganate, 149. 
Bisulphopotassic trimanganous 

disulphide, 194. 
Hartmangan, 193. 
Hausmanite, 193. 
Helyine, 195. 
Heterocline, 195. 
Hexmanganicmonosilicate, 195. 
Manganese aluminium alum, 
194. 
blende, 194. 
potassium alum, 

194. 
siliciferous, 195. 
spar, 194. 
Manganic chloride, 192. 
„ oxide, 193. 
„ perfluoride, 192. 
Manganite, 193. 
Manganous aluminic disilicate, 
195. 
chloride, 192. 
aluminic tetrasul- 

phate, 194. 
carbonate, 194. 
dihydric sulphate, 

194. 
dimanganic tetrox- 

ide, 193. 
dimanganic tetrox- 
ide dihydrate, 193. 
dipotassic disul- 

phate, 194. 
hydrate, 192. 
oxide, 193. 
silicate, 195. 
sulphide, 194. 
Potassium manganese alum, 

194. 
Psilomelane, 193. 
Pyrolusite, 193. 
Sied manganese, 195. 
Bothbraunsteinerz, 195. . 
Bother Mangankiesel, 195. 
Siliciferous manganese, 195. 
Schwarzer Mangankiesel, 195. 
Tephroite, 195. 

Triglucinic tetramanganous tri- 
silicate sulphide, 195. 
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ICanganese {continued), ^ 

Trimanganie tetroxide, 193. 
Vanricite, 193. 
Manganese aluminium alum, 194. 
blende, 194. 
potassium alum, 194. 
red, 195. 
spur, 194. 
Hanganite, 193. 
Manufacture of nitric acid, 63. 
Marble, 164. 
Marks of atomicity, 18. 
Martial pyrites, 197. 
Matlockite, 185. 
Measures of capacity, 33. 
length, 33. 
surface, 33. 
weight, 34. 
Measures, weights and, 32. 
Meerschaum, 107. 
Mendipite, 186. 
Mercury, 172. 
Cinnabar, 172. 
Dihydric trimercurio dinitrate, 

173. 
BimercurouB dinitrate, 173. 
Hexahydric trimercurous tetra- 

nitrate, 173. 
Horn-mercury, 172. 
Merourous tetrahydric dinitrate, 

173. 
Mercurammonic chloride, 174. 
Mercuric chloride, 172. 
oxide, 172. 
sulphate, 172. 
„ sulphide, 172. 
Mercurosodiammonio dichlo- 

ride, 173. 
Mercurosomercuro-diammonic 

dichloride, 174. 
Mercurous chloride, 172. 

dimercuric dinitrate,, 

173. 
oxide, 172. 
sulphate, 172. 
sulphide, 172. - 
Tetrahydric dimercuric dini- 
trate, 173. 
mercuric dini- 
trate, 173. 
mercurous dini- 
trate, 173. 
Tetramerciiric carbonate, 173. 
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Mercury (coniimicd). 

Trimercuric carbonate, 173. 
„ diamide, 174. 

„ sulphate, 172. 

Turpeth mineral, 172. 
Vermilion, 172. 
White precipitate, 174. 
Metaboric acid, 55. 
Metalloids, 6. 

„ names of, 6. 

Metals, 6. 

Metaphoephates, 121. 
Metastannic acid, 109. 
Metasulphantimonites, 141. 
Metasulphantimonite, sulphargen- 

tic, 141. 
sulphocu- 

prous, 141. 
Bulphofer- 

rous, 141. 
Bulphoplum- 
bic, 141. 
Metre, 33. 
Miargyrite, 141. 
Micaceous iron, 196. 
Miloschine, 181. 
Modes of chemical action, 1. 
Molecular combination, 30. 
„ union, 30. 
volume, 2. 
volumes, table of, 3. 
weight, 2. 
Molecules, 2. 

„ diatomic, 3, 19. 
„ elementary, 2. 
„ hexatomic, 3. 
„ monatomic, 3, 19. 
„ tetratomic, 3. 
„ triatomic, 3, 19. 
Monad compound radicals, 27. % 

„ elements, 36, 149. 
Monads, definition of, 19. 

„ list of, 32. 
Monatomic molecules, 3, 19. . 
Monobasic acid, definition of, 9. 

„ boric acid, 55. 

Monomagnesic silicate, 106. 
Mountain-blue, 177. 
Muriatic acid, 39. 
Mysorin, 176. 

Names of bases, systematic and in-e* 
gular, 11. 
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Names of elements, 6, 7. 
irregular, 8, 11. 
systematic, 8, 11. 
trivial, 8, 11. 
Needle iron ore, 197. 

„ ore, 149. 
Negative elements, 4. 
Nickel, 201. 

Capillary pyrites, 201. 
Dihydric nickelous sulphate, 
201. 
„ pentanickelous dicar- 
bonate tetrahydrate, 
202. 
Dinickelous nlphide, 201. 
Dipotassic nickelous disulphate, 
202. 
„ . nickelous tricarbo- 
nate, 202. 
Grey nickel ore, 202. 
Hair nickel, 201. 
Kupfemickel, 202. 
Nickel glance, 202. 
Nickelic disulphide, 201. 
hydrate, 201. 
oxide, 201. 
tetrarsenide, 202. 
Nickelous chloride, 201. 
diarsenide, 202. 
dihydric sulphate, 

201. 
dinitrate, 202. 
dipotassic disulphate, 

202. 
dipotassic tricarbo- 

nate, 202. 
hydrate, 201. 
oxide, 201. 
sulphide, 201. 
sulphide diarsenide, 

Of 
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202. 
Nitrates, 64. 
Nitric oxide, 62, 66. 
„ peroxide, 67. 
Nitride, boric, 57. 
Nitrites, 65. 
Nitrogen, 61. 

compound of, with chlorine, 

70. 
compounds of, with chlo- 
rine and oxygen, 67. 
„ compounds of, with hydro- 
gen, 68. 
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Nitrogen, compound of, with hydro- 
gen and iodine, 71. 
„ compounds of, with oxygen 
and hydroxyl, 62. 
Nitrous chloride, 70. 

„ hydrodiniodide, 71. 
„ oxide, 62, 66. 
Noble serpentiAe, 106. 
Nomenclature, 5. 

„ of acids, 9. 

Non-metals, 6. 

„ names of, 6. 

Normal salts, 12. 
Notation, 14. 

chemical, 14. 
graphic, 23. 
symbolic, 14. 
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Ochre, bismuth, 145. 

„ vitriol, 198. 
Okenite, 107. 
Oligist, 196. 
Opal, 106. 
Ophite, 106. 

Organic bases, periodides of, 31. 
Orthose, 107. 

Orthosulphantimonites, 141. 
Ounce, 34. 

Oxacids of nitrogen, 63. 
Oxide, antimonious, 134, 135. 

„ bisrauthic, 146. 

„ bismuthous, 143, 145, 146. 

,, carbonic, 60. 
chloric, 46. 
hydric, 44. 
hypochlorous, 46, 



r, nitric, 62, 66. 
„ nitrous, 62, 66. 






pyrographitic, 59. 
Oxides of antimonv, 134. 
of chlorine, 47. 
of nitrogen, 62. 
Oxygen, 40. 

„ allotropic, 42. 
„ compounds of carbon, 59. 
Oxysalts, definition of, 12. 
Ozone, 42. 

Passau, porcelain clay of, 181. 
Pentad elements, 61, 111. 
Pentads, 32. 

„ definition of, 20. 
Peridote, 106. 
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Periodates, 98. 
Perissads, 20. 
Petalite, 180. 
Phenacite, 106. 
Phoegene gas, Gl. 
Phosphate, triple, 123. 
Phosphates, 123. 
Phosphonic iodide, 111, 113. 
Phosphoretted hydrogen, gaseouH, 

112. 
hydrogen,liquid, 1 12, 

114. 
hydrogen, solid, 1}2, 
114. 

Phosphoric chloride, 111, 115. 
„ oxytrichloride, 116. 

„ sulphotrichloride, 117. 

Phosphorite, 164. 
Phosphorous trichloride. 111, 115. 

„ trihydride, 111. 

Phosphorus, 111. 

allotropic, 112. 
amorphous, 112. 
compounds of, ivith 
oxygen and hydroxy 1, 
118. 
manufacture of, 111. 
red, 112. 

Platinum, 182. 

Diplatosammonic oxide, 184. 
Green salt of Magnus, 183. 
Platinic chloride, 183. 
hydrate, 183. 
oxide, 183. 
sulphide, 184. 
Platinoso-diammonic dichlo- 

ride, 183. 
Platinous chloride, 183. 
hydrate, 183. 
oxide, 183. 
sulphide, 184. 
Platinum, atomicity of, 182. 

,, compounds of, 183. 
Platoso-diammon diammonium 

dihydrate, 184. 
White compound of Beiset, 183. 
Plattnerite, 185. 
Plumbago, 58. 

Plumbic compounds (see Lead). 
Plumbous compounds (see Lead). 
Polybasic acids, definition of, 9. 
Porcelain clay, 181. 

of Passau, 181. 
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Positive elements, 4. 
Potash, 151. 

„ caustic, 151. 
Potassium, 149. 

Dipotassic aluminate, 180. 

aluminic hexasili- 

cate, 107. 
chromate, 190. 
chromous disulphate, 

191. 
cohaltous dicarbo- 

nate, 200. 
Gobaltous disulphate, 

200. 
cupric disulphate, 1 76. 
dichromate, 190. 
dichromic tetrasul- 

phate, 191. 
diferric tetrasul- 

phate, 198. 
disulphide, 153. 
ferrous disulphate, 

198. 
heptasulphide, 153. 
nickelous disulphate, 

202. 
nickelous tricarbo- 

nate, 202. 
pentasulphide, 153, 

154. 
plumbate, 188. 
sulphide, 153. 
tetrasulphide, 153. 
trichromate, 190. 
trisulphide, 153, 154. 
Hvdric potassic tartrate, 136, 
150. 
„ sodic potassic phos- 
phate, 123. 
Normal potassic chromate, 190. 
Potassic antimonylic tartrate, 
136. 
„ aurate, 178-. 
bichromate, 190. 
carbonate, 155. 
chloride, 149, 151. 
chlorochromate, 192. 
chromate, normal, 190. 
dioxide, 152. 
ferrate, 197. 
fluoride, 151. 
hydrate, 149, 161. 
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Potassium (continued), 
Fotassic oxide, 152. 

perchlorate, prepara- 
tion of, 51. 
peroxide, 153. 
sulphide, 149, 
Bulphocarbonate, 75. 
siilphhydrate, 153. 
terchromate, 190. 
tetroxide, 152, 153. 
Folassiuiu chrome alum, 191. 
compounds of, 151. 
compound of, with 

bromine, 151. 
compound of, with 

chlorine, 151. 
compound of, with 

fluorine, 151. 
compoimd of, with 
hydroaulphyl, 
153. 
compound of, with 

iodine, 151. 
compounds of, with 

oxygen, 152. 
compounds of, with 

sulphur, 153. 
iron alum, 198. 
manganese alum, 
194, 

Tetrapotassic dichromosulphate, 
191. 
Potaasoxyl, 28. 
Powder, bleaching, 49, 165. 
Prehnite, 180. 
Proportion, combining, 2. 
Proustite, 129. 
Psilomelane, 193. 
Purpureo-cobalt chloride, 200. 
Pyrites, capillary, 201. 
cobalt. 200. 
copper, 198. 
iron, 197. 
magnetic, 199. 
martial, 197. 
Pyrographitic oxide, 59. 
Pyrolusite, 193. 
Pyromorphite, 123. 
Pyrophosphates, 122. 
Pyrophyllite, 107. 
Pyrosulphantimonites, 141. 

Quadrantoxide, cuprous, 175. 
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Quartz, 106. 
Quicklime, 165. 

Radicals, compound, 26. 

compound, chief inorganic, 

list of, 28. 
compound, chief inorganic, 

symbols of, 28. 
compound, definition of, 

27. 
compound, dyad, 27. 
compound, monad, 27. 
compound, triad, 27. 
simple, 26. 
Rational fprmula}, 17. 
Razoumoffskin, 182. 
Realgar, 128. 
Red antimony, 139. 
„ copper ore, 175. 
„ haematite, 196. 
„ lead, 185. 
„ lead ore, 191. 
„ manganese, 195. 
„ phosphorus, 112. 
„ silver ore, 158. 
„ zinc, 168. 
R«iset, white compound of, 183. 
Rock-crystal, 106. 
Roseo-cobalt chloride, 200. 
Rothbraunsteinerz, 195. 
Rother Mangankiesel, 195. 
Rubidium, 157. 
Ruby ore, 175. 
Rutile, 110. • 

Salt cake, 156. 

Salts, acid, definition of, 13. 

„ ammonic, 69. 

„ basic, definition of, 13. 

„ definition of, 12. 

„ haloid, definition of, 12. 

„ neutral, definition of, 12. 

„ normal, definition of; 12. 

„ OXV-, definition of, 12. 

„ sulpho-, definition of, 12. 
Sand, 106. 
Saponite, 182. 
Scheele's green, 126. 
Schwarzer Mangankiesel, 195. 
Schweinfurt green, 127. 
Selenite, 164. 
Selenium, 86. 

„ chlorides of, 86. 
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Selenium, compounds of, with oxy- 
gen and hydroxy!, 87. 
Seleniuretted hydrogen, 86. 
Senarmontite, 135. 
Serpentine, 107. 

„ noble, 106. 
Signs, use of, 16. 
Silicates, 106. 

Aluminic calcic disilicate, 107. 
• calcic trisilicate, 107. 
tricalcic trisilicate, 
107. 
Anorthite, 107. 
Calcic magnesic disilicate, 

107. 
Chloropal, 107. 
Diglucmic silicate, 106. 
Pihydric aluminic tetrasilicate, 

107. _ 

„ trimagnesic disilicate, 

107. 
Dimagnesic silicate, 106. 
Piopside, 107. 
Dioptase, 177. 
Dipotassic aluminic hexasilicate, 

107. 
Dizincic silicate, 107. 
Dizirconic silicate, 106. 
Emerald, 107. 
Enstatite, 106. 
Felspar, 107. 
Ferric trisilicate, 107. 
Grossularia, 107. 
Hydric cuprio silicate hydrate, 

177. 
Labradorite, 107. 
Meerschaum, 107. 
Monomagnesio silicate, 103. 
Noble serpentine, 106. 
Okenite, 107. 
Ophite, 106. 
Orthose, 107. 
Peridote, 106. 
Phenacite, 106. 
Pyrophyllite, 107. 
Serpentine, 107. 
Sodic silicate, Yorke's, 106. 
Steatite, 107. 
Talc, 107. 

Tetrabydric calcic disilicate, 

107. 
„ dimagnesic trisi- 

licate, 107. 
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Silicates {continued), 

Tetramagnesic pontasilicate, 

107. 
Topaz, 180. 

Triglucinic aluminic hexasili- 
cate, 107. 
Trimagnesic tetrasilicate, 107. 
Willemite, 106. 
Zircon, 106. 
Silicic bromide, 103. 
chloride, 101. 
fluoride, 103. 
hydride, 101. 
hydrotrichloride, 102. 
sulphide, 108. 
Siiiciferous manganese, 195. 
Silicium, 99. 

Silicoformic anhydride, 102. 
Silicon, 99. 

adamantine, 100. 
amorphoas, 99. 
chloroform, 102. 
compounds of, with oxygen 

and hydroiyl, 104. 
graphitoidal, iOO. 
Siliimanite, 181. 
Silver, 158. 

Argentic chloride, 158, 159. 
hydrate, 159. 
iodide, 158, 159. 
nitrate, 158. 
oxide, 158, 159. 
peroxide, 159. 
sulphate, 158. 
Argentide, antimonious, 131. 
Argentous oxide, 159. 
Silver, compounds of, with oxy- 
gen, 159. 
glance, 158. 
horn, 158. 
ore, dark red, 158. 
Suiphargentic metasulphanti- 

monite, 141. 
Trisulphargentic sulphantirao- 
nite, 141. . 
Simple radicals, 26. 
„ substances, 1. 
Soda ash, 156. 
Sodic carbonate, 155. 
chloride, 155. 
hydrate, 155. 
oxide, 155. 
nitrosulphate, 71. 
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Sodic pyrantimoniate, 139. 
„ Buicate, Yorke's, 100. 
„ sulphide, 156. 
Sodium, 155. 
Solid phosphotetted hydrogen, 112, 

114. 
Spar, lead, 187. 

„ manganese, 194. 
Spathic iron ore, 199. 
Specular iron, 196. 
Spinelle, 180. 
Spodumene, 180. 
Stannic compounds (see Tin). 
Stannous compounds (see Tin). 
Statical formulae, 26. 
Steatite, 107. 
Stibnite, 140. 
Strontianite, 164. 
Strontic carbonate, 164. 
chloride, 163. 
hydrate, 163. 
oxide, '163. 
peroxide, 164. 
sulphate, 164. 
Strontium, 160. 
Struvite, 167. 
Substances, compound, 1. 

„ simple, 1. 

Sulphantimonic anhydride, 142. 
Sulphantimonites, 141. 
Sulphantimonious anhydride, 140. 
Sulphargentic metasulphantimonite, 

141. 
„ sulpharsenite, 129. 

Sulphates, 81, 82. 
Sulphhydrates, 73. 
Sulphhydric acid, 72. 
Sulphide, antimonio, 140, 142. 
antimonious, 140. 
arsenic, 128, 129. 
arsenious, 128. 
bismuthous, 148, 
boric, 57. 
Sulphides, 73. 
Sulphites, 78. 
Sulphobismuthites, 149. 
Sulphocarbonates, 75. 
Sulphocuprosoferrous pyrosulphan- 

timonite, 141. 
Sulphocuprous metasulphantimo- 
nite, 141. 
Sulphoferrous metasulphantimouite, 
141. 
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Sulphohydrate, cupric, 175. 
Sulpboplumbic matasulphantimo* 

nite, 141. 
pyrosulphantimo- 

nite, 141. 
sulphobismuthite, 
149. 

Sulphosalts, definition of, 12» 
Sulphosulphates, 83. 
Sulphur, 71. 

allotropic varieties of, 72. 
an analogue of oxygen, 72. 
compounds of, witn basy- 
lous or .positive elements, 
72. 
compounds of, with oxygen, 
and hydroxyl, 76. 
Sulphuretted hydrogen, 72. 
Sulphuric dioxydichloride, 71. 
Suriace, measures of, 33. 
Symbolic notation, 14. 
Symbols, 6, 14, 

of chief inorganic com- 
pound radicals, 28. 
table of, 6. 
Systematic names, 8. 

names of bases, 11, 
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Table of atomic weights, 6. 

elements, 6. 

metalloids, 6, 32. 

molecular volumes, 3. 

negative elements, 4. 

non-metals, 6, 32. 

symbols, 6. 
Talc, 107. 
Tartar, cream of, 136, 150. 

,, emetic, 136. 
Telluric bismuth, 149. 
Tellurium, 87. 

„ compounds of, 88. 

Temperature, 34. 
Tetrachloride, carbonic, 58. 
Tetrad elements, 58, 179, 182, 184. 
Tetrads, definition of, 20. 

list of, 32. 
Tetradymite, 149. 
Tetratomic molecules, 3. 
Tetrethylarsonic chloride, 124. 
Tetrethyl-stibonic chloride, 129. 
Thallic carbonate, 157. 
„ chloride, 157. 
nitrate, 157. 
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ThaUic oxide, 157. 

perchloride, 157. 
peroxide, 157. 
sulphate, 157. 
sulphide, 157. 
Thallium, 157. 
Thick letters, use of, 16. 
Tin, 108. 

Stannic acid, 108. 

anhydride, 108. 
chloride, 108. 
oxide, 108. 
sulphide, 109. , 
Stannous chlpride, 108. 
hydrate, 108. 
oxide, 108. 
stannate, 109. 
sulphate, 109. 
sulphide, 109. 
,, sulphostannate, 109. 
Tin, compounds of, 108, 
Tincal, 56. 
Titanic acid, 110. 
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